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MEETING ON SPACE VEHICLE LANDING AND 
RECOVERY RESEARCH AND TECHNOLOGY 
NASA Headquarters 
July 10-11, 1962 


SUMMARY OF MEETING 


A meeting on Space Vehicle Landing and Recovery was held on 
July 10-11, 1962 at: NASA Headquarters. The Centers were asked to par¬ 
ticipate in this meeting in accordance with their interest, activities, 
and requirements in the subject area. Primary emphasis was directed 
toward parachutes, parachute-rocket systems, paragliders, and lifting 
rotor concepts applicable to both booster and spacecraft landing and 
recovery. 

The meeting was devoted to presentation of completed, current, 
and planned programs on landing and recovery research and technology 
within the Centers. A major part of the papers presented at the 
meeting dealt with paraglider research and development efforts. MSFC 
presented a comprehensive review of their in-house and out-of-house 
studies of booster recovery utilizing both parachute and paraglider 
concepts. Performance penalties, operational considerations, and 
economic trade-offs that could be expected with booster recovery were 
also discussed. Ames reported on their wind-tunnel studies of steer¬ 
able and clustered parachutes and on their tests of a half-scale Gemini 
paraglider landing system. Those present at the meeting were impressed 
with the FRC program results showing glide performance, approach, and 
landing capabilities of a manned paraglider. The FRC program utilized 
a high wing loading, low ii/D vehicle with unpowered flights from alti¬ 
tudes up to 2500 feet. Langley presented a number of papers dealing 
primarily with their research efforts on design, performance, and 
deployment of rigid and inflatable paragliders. Experimental results 
from a supersonic decelerator program in the UPWT were also shown. 

In addition, some qualitative results of lifting rotor studies in the 
spin tunnel at Langley were also discussed. The Manned Spacecraft 
Center outlined their requirements and supporting efforts in research 
and development of the Gemini and Apollo landing systems. Much of 
their experimental work on Gemini has been carried out in Ames and 
Langley facilities. This work was reported by the Center involved. 

JPL discussed their planetary program by outlining mission criteria, 
restraints, and landing and recovery requirements for entry capsules 


in alien atmospheres. They stressed that JFL expects to do very little 
in-house development of landing systems, but will depend heavily on 
the other NASA Centers and industry. 

The Centers were asked to provide copies of their papers to Head¬ 
quarters for subsequent Inclusion in a meeting summarization to be 
distributed to the Centers. These papers are reproduced in this docu¬ 
ment in the order listed in the attached agenda. 
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PARACHUTE RECOVERY SYSTEMS DESIGN AND DEVELOPMENT EFFORTS 
EXPENDED ON MERCURY-REDSTONE BOOSTER AND SATURN S-l STAGE 


I. INTRODUCTION 

The George C. Marshall Space Flight Center's (MSFC) presentation will 
be given in four steps. The four presentations will cover separate but 
related areas of effort expended by the MSFC. 

I will give a rundown on the early research and development of two 
parachute recovery systems - one being for the MERCURY-REDSTONE booster, 
the other being the SATURN S-l stage. I will also give a short rundown 
on two other related programs done parallel with the recovery system 
developments - these being the MERCURY-REDSTONE booster retrieval exercises 
and the salt water immersion of the H-l engine. 

Mr. Lewis McNair will summarize the Rogallo Flexible Wing feasibility 
studies for the first stage recovery on the C-l and C-2 SATURN programs. 

Mr. Dietrich Fellenz will give a short review of study results, both 
in-house and out-of-house, on recovery of an upper stage from orbit 
employing a Rogallo Flexible Wing. 

Mr. Luke Spears will cover the parametric studies that the MSFC has 
underway now and planned. He will outline performance penalties, 
operational considerations, and economic trade-offs. Mr. Spears will also 
summarize the future effort on Booster Recovery by the MSFC. 

II. RECOVERY PROGRAM 

The Recovery Project Office, Propulsion and Vehicle Engineering 
Division, MSFC, has been conducting studies on first stage recovery 


since FGbru&ifyj 1959 • Some £e& sibility studies were conducted as early 
as June 11, 1958, by the Future Projects Office, MSFC. 

Two contracts for the design find development of a recovery system 
for the SATURN C-l booster and the MERCURY-REDSTONE booster, respectively, 
have been supervised by the Recovery Project Office. The two recovery 
systems employed the same basic technique since the requirements outlined 
for both of the contractors stated that the system be highly reliable and 
simple, avoiding in so far as possible, the use of techniques and/or com¬ 
ponents which would require extensive development. Also, a major require¬ 
ment imposed on the contractors was that the system be designed such that 
it would not interfere with, or compromise the vehicle design. With the 
above requirements and limitations, the only recovery system conceivable 
was one employing parachutes. 

Following the basic requirements that the booster recovery system be 
highly reliable, simple, and avoiding in so far as possible the use of 
techniques and/or components requiring extensive development work, a brief 
outline of the MSFC's approach in determining the initial design of the 
recovery system for SATURN C-l S-l stage is as follows: 

1. Approaches that were considered. 

Various approaches to the recovery problem were considered 
in view of the foregoing requirements and limitations. The approaches 
were generated by variations of the following parameters; 

a. Booster cutoff conditions: velocity, altitude, and angle 

b. Booster re-entry: structural loads and temperature 


capabilities. 
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re-entry and impact. 

d. Terminal recovery parachute: type, size, and number. 

e. Terminal decelerating rocket: thrust, burning time, 

and number. 

2. Having given careful consideration to the above mentioned 
parameters, it was decided that the simplest and quickest approach for 
initial deceleration would be by ribbon parachute. Dive brakes were 
undesirable for reasons of required size and complexity. The use of 
retro-rockets for initial deceleration, in addition to being inefficient 
weight wise, would require close attitude control of booster in order to 
align thrust vector with the velocity vector. Use of parachutes for 
initial deceleration required only quasi-stability of the booster per¬ 
mitting angles of yaw up to ninety degrees at parachute deployment. 

3. After the initial deceleration by the ribbon parachute, 
further deceleration of the booster to water entry velocity could be 
accomplished by the following: (1) parachutes, (2) retro-rockets, or 
(3) combination of parachutes and retro-rockets. 

Making the proper selection required consideration of reliability, 
simplicity, weight, volume, and cost of each alternative. The use of 
only retro-rockets would mean that the stabilization of the booster with the 
initial parachute would be ineffective at lower velocities, and the thrust 
and velocity vector would not be aligned so as to provide predictable 
deceleration. The use of only parachutes to accomplish recovery appeared 






very attractive at first glance; but because of booster weight such as 
the SATURN, the water impact velocity would be too high. Also, the 
complexity of a parachute system would increase and the reliability 
would decrease as the parachutes increased in size and number. The 
conclusions were that neither the retro-rocket system nor the parachute 
system was capable of performing the terminal deceleration phase by 
themselves. 

With the above observation, it was decided that the most efficient 
deceleration system would be to combine the use of a few parachutes for 
the high velocities, and other means, such as retro-rockets for the lower 
velocities. 

The immediate advantages of the combination system over the system using 
the retro-rockets only were (1) booster attitude stabilized by parachutes 
during retro-rocket firing, and (2) reduced weight and cost. The com¬ 
bination system advantages over the system using only parachutes were 
(1) greatly reduced complexity, (2) increased reliability, (3) reduced 
weight, and (4) reduced parachute stowage volume requirement. 

The booster attitude at water impact was considered for both the 
end-on and horizontal positions. The horizontal position presented the 
following problems: (1) placement of retro-rockets, (2) the possibility 
of impacting on top of a wave with the center section, and (3) the possible 
misfiring of retro-rockets, thus, providing an unpredictable attitude at 
water impact. It was therefore decided that the end-on position would 
have a definite advantage, and the booster was far more capable of standing 
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heavy loads in the end-on position than the horizontal. As a result, 
the method and sequencing of the system selected was (1) initial 
deceleration by ribbon parachute, (2) terminal deceleration by parachutes 
and retro-rockets, and (3) end-on attitude at water impact. 

The control system (sequencing system) was not finalized at the ter¬ 
mination of the studies, but the method of initiating the operation of 
the system would most probably have been to use either a barometric 
switch, deceleration switch, or the control timer on the booster, or any 
combination of the three to have given greater reliability. 

After having made some preliminary investigations and selecting the 
recovery system design approach as outlined above, a contractor proposal 
was accepted and funded by MSFC in February, 1959. 

The recovery system consisted of a deceleration system and a control 
system that provided for recovery of the booster from the ocean. The 
deceleration system consisted of parachutes which deployed after re-entry, 
and a retro-rocket system which decelerated the booster to a safe velocity 
for water impact. The control system consisted of the devices which 
determined the initiation of the recovery events. This system located 
the parachutes and control unit in a cylindrical shaped container at the 
top of the stage and the retro-rockets on the periphery of the tail structure. 

During the course of the recovery system development, preliminary 
investigations indicated that the ability of the SATURN booster structure 
to withstand re-entry and impact loads was marginal, but acceptable, since 
no reuse of components was planned. A damaged booster was acceptable provided 


the booster would float so as to allow retrieval. 
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As the development program progressed, changes in the vehicle 
configurations and in the cutoff conditions were made. This necessitated 
further investigations into the ability of the booster structure to with¬ 
stand re-entry and impact loads. After careful evaluation, it was con¬ 
cluded that the booster could not reasonably be expected to survive re-entry 
without the incorporation into the recovery system of special means to 
stabilize the booster attitude prior to re-entry and during re-entry. 

Studies made of the additional recovery system requirements and the 
various design constraints, imposed as a result of the specific nature 
of the SATURN vehicle, led to the adoption of a recovery system concept 
incorporating the following features: 

1. Spatial attitude control of the booster from separation to 
the start of re-entry by means of vernier rockets, which were to be 
lqcated near the forward end of the booster. This system incorporated its 

owg^Lndependent stable reference system and the necessary associated 

/ 

hardware. 

2. During the free space portion of the flight, an inflatable 
drag device initially housed within the recovery package was to be 
inflated and deployed so that it would help stabilize the booster and 
augment its aerodynamic drag during the re-entry period with a resultant 
reduction in the peak aerodynamic loads on critical areas. 

3. The terminal portion of the recovery was to be accomplished 
by the original system which deployed a 57-foot-diameter first stage 
parachute; the first stage parachute in turn would deploy a cluster of 
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three 108-foot-diameter parachutes which decelerated the booster to a 
terminal velocity of 100 ft/sec. A series of landing rockets were to 
be ignited to reduce the booster water entry velocity to theoretically 
zero. 


To accommodate the modification, two design layouts were proposed. 

Figure 1 shows the proposed layopt of components which would have required 
modifications to the existing front I-beam structure. Figure 2 shows the 
layout which required minimum modifications to existing structure by pro¬ 
viding a wafer or spacer for installation of the attitude control system 
and sub-systems. This allowed more time to test and qualify the complete 
recovery system by requiring a later delivery date for installation. 

Figures 3 through 9 give typical cutoff conditions Investigated and 
illustrate the sequence of events of the revised recovery system. 

With the proposed incorporation of the above mentioned features, 
additional funds were requested by the contractor. The overall SATURN 
program at the time was having funding problems; and since recovery was 
not a primary mission, the booster recovery program was postponed to later 
vehicles in order to make funds available for other necessary flight 
hardware required on early flights . 

The MERCURY-REDSTONE Recovery Program was an outgrowth of a feasibility 

study initiated by the Future Projects Office of this Center. In June, 1958, 

a feasibility study contract on booster recovery was initiated by the 

Future Projects Design Branch (presently Advanced Flight Systems Branch), 

Propulsion and Vehicle Engineering Division, with Aeronautical Equipment 

Research Corporation, a Division of M. Steinthal and Company, Inc. 
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During the time this study was being conducted, the MERCURY Program came 
into existence. The Future Projects Branch having supervision over the 
study contract, requested, received, evaluated, and accepted the contractor's 
proposal on a recovery system applicable to the MERCURY-REDSTONE booster. 
After acceptance of the proposal, the technical supervision was transferred 
to the Recovery Project Office. The basic scope of work covered design 
and development, bench testing of components, aerial testing of parachutes 
and overall system, finalization of design and drawings, and finally fabri¬ 
cation and delivery of five systems. 

The recovery package (Figure 10) is a self-contained unit. It is 
installed in the booster by joining two mating structural rings, one an 
integral part of the booster, the other a part of the recovery system 
structure. Installation of the package is accomplished by bolt attachments 
through the mating rings, and attachment of the power supply and telemetry 
network plugs. All components of the recovery system are installed in the 
package prior to installation on the booster. 

Parachute recovery is accomplished in the order shown in Figures 11 
through 14. The first-stage parachute is deployed in a reefed condition 
to limit the possible bending moment on the booster within its structural 
capability. When sufficient time to orient the booster in a vertical tail- 
down attitude has passed, the parachute is disreffed to allow greater decel¬ 
eration. When the first stage parachute has brought the booster below a 
5000-foot altitude, and has been deployed for more than 15 seconds, the 
rate of descent will be in the range of 300 to 350 feet per second, and 
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within the design capability of the final recovery parachutes= At that 
time the first-stage parachute will be disconnected, and acting as a pilot 
parachute will then extract and deploy the final recovery parachutes. The 
final recovery parachutes will deploy reefed to limit the load on the 
booster, and progressively open through a second step of reefing to their 
full size. When the final parachutes are fully deployed, terminal velocity 
at sea level is approximately 40 feet per second. 

During the time the contract was in effect, the recovery system 
conceptual design was established, and fabrication of three systems 
initiated (one of which is approximately 95% complete) . The other two 
are approximately 40% completed. The drop test program, although 
difficulties were encountered in the first drops, was progressing 
satisfactorily at termination of contract. Several times during the 
development, changes to the recovery system had to be made to guarantee 
no interference or compromises to the primary mission of the booster. 

The final design, both mechanically and electrically, was approved by 
the Manned Spacecraft Center (MSC) and the MSFC. 

The end of the program came when contractor and funding problems 
were encountered. The MSFC was unable to obtain additional funds to complete 
the development program and delivery of flight hardware. 

A major problem in the water recovery program for the MERCURY-REDSTONE 
booster is the determination of possible damage sustained upon water impact, 
the angle of flotation, and the depth of submersion. The solution to the 
problem was of great interest as the solution of these unknown factors 
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determined the method for safing and retrieval employed in floating the 
booster into the recovery yespel. The tests were conducted at Madkia 
Mountain quarry, -Redstone Arsenal, with a booster approximately four 
years old, i.e., the REDSTONE RS-33, which was used by the Army as a 
back-up in the REDSTONE program and also as a troop training missile * 

at the Ordnance Guided Missile School. RS-33 was altered in weight and 
configuration so as to simulate MERCURY-REDSTONE booster retrieval 
conditions. 

In parallel to the impact and flotation tests, the proper procedures 
were established for safing the booster prior to floating aboard the 
recovery vessel. During the performance of this exercise, handling pro¬ 
cedures were also studied and later applied during the rehearsals in the 
Atlantic Ocean. 

i. 

Results obtained from prior investigations indicated that the use 
of an LSD as a recovery vessel was the most practical method of recovering 
a MERCURY-REDSTONE booster. A two-day training exercise was conducted, 
about 50 miles out at sea from Norfolk, Virginia, to ascertain the 
capabilities of the LSD and to provide training for the underwater demo¬ 
lition team and LSD crew. 

Special recovery equipment was used by the UDT in preparing the 
booster for towing aboard ship and for receiving and securing the booster 
to the saddles . 

Prior to bringing the booster aboard the LSD, the saddles in which 
it was to be set were positioned and anchored in the ship's well. The 
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saddles were used and were placed 36 feet 4 inches apart along the ship's 
centerline. The rear skid was placed 19.5 feet from the stern gate 
allowing about 10’ feet of working area between the tail of the booster 
and the stern gate. Since six connecting points were established on the 
booster for handling purposes, six 175-foot-long lines were made up, with 
quick fastening snaps, and numbered for identification. 

There were four retrieval exercises conducted. Figures 15 through 
19 illustrate the position of the saddles in the well of the LSD and 
operational procedure in towing the booster into the well of the LSD and 
placed on the saddles. 

The primary objective of this first retrieval attempt was to check 
out the proposed handling procedures. As the first step, the booster, 
swimmers and their rubber boat, and the towing crew aboard the LCVP were 
launched. The USD drained the well and moved away several thousand yards. 

The swimmers then approached the booster and went through the safing 
procedures without any difficulty, and also installed the handling connections 

After the safing operation was completed the booster was taken in tow 
by the LCVP and positioned astern the LSD which was maintaining a constant 
heading into the sea. The LSD was ballasted so as to have 8 feet of water 
in the well at the stern gate sill. The LCVP continued towing until its 
bow was over the LSD stern gate, then reversed, disconnected its tow line, 
and moved off to the port side and stood by. Swimmers with lines from the 
LSD attached lines to prescribed connections on the booster, and the booster 
was positioned over saddles. Once the booster was positioned, deballasting 
of the well proceeded until booster rested firmly on saddles. After the 
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well was drained, the booster and recovery equipment were checked for damage - 

The second operation omitted the safing procedure, but went through 
with towing booster out and back into LSD with the LSD maintaining a 
heading of 2 to 3 knots into the waves. The third operation was very 
similar to the second. A change on the tiedown location of the nylon 
restraining slings was made. 

The final operation was a complete simulated recovery. The booster 
was set free and all personnel stayed aboard the LSD- The LSD deballasted 
and steamed off ten miles from booster. At ten miles the booster was held 
on surface radar while the P2V tracked it 50 miles from 1500 feet. 

Once the tracking exercises were over, the LSD started toward the 
booster. Ballasting of LSD and preloading of LCVP were performed while 
enroute. When the LSD was approximately 1000 yards from booster, the LCVP 
was launched and proceeded to the booster. Upon arriving at the booster, 
the swimmers went through the safing operation; the booster was taken in 
tow, and brought into the well of LSD and positioned as before. 

Sea water immersion tests were conducted on a Rocketdyne H-l engine 
in order to evaluate the corrosive effects of sea-water recovery on the 
engine and to define the procedures necessary to restore the engine for 
flight service. This program involved a series of tests in which the 
H-l engine was immersed in sea water for given periods of time, followed 
by various post treatments designed to minimize the corrosive effect of 
sea water. The engine was then disassembled, evaluated for corrosion 
damage, reassembled, and test fired. 
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"Page missing from available version" 


f. Hot fired short duration and full duration (150 sec.). 

2. Second test - June 1961 

a. Immersed H-l engine to a depth of 10 feet for one hour, 
half submerged for three hours, and on the surface for three hours. 

b. Waited twelve hours before purging, and applying minimum 

preservatives. 

c. Upon arrival at the MSFC, it was dismantled, inspected, 
cleaned, replaced damaged parts and assembled. 

d. Hot fired short duration and full duration. 

3. Third test immersion in August 1961 - Hot fired in March 1962 

a. Dropped H-l engine into water to simulate water entry 
conditions, immersed it, held it half submerged, and on the surface for a 
total of nine hours. 

b. Washed it with fresh water, no preservative compounds 

were used. 

c. Upon arrival at the MSFC, it was dismantled, inspected, 
and partially cleaned, and left in storage. 

d. Six months later the engine was assembled and hot fired, 
short duration and full duration. 

The two reasons for delay on the third test are as follows: 

1. The Test Division was over loaded with work. 

2. The first two tests were so successful that the Recovery 

* 

Project Office had difficulty justifying the manhours required to complete 
the hot firings, especially since the engine was dismantled, and the com¬ 
ponents looked as good as the previous two times. 

14 






In order to establish an approximate cost factor, a log was kept of 
the procedures, reconditioning manhours, materials, and an itemized list 
of replaced engine parts. The cost to kecover and recondition the H-l 
engine was approximately 5% of the cost of a new one. 

In closing, it should be stated that the selection of the recovery 
systems employing parachutes was primarily brought about by the require¬ 
ments and limitations previously stated, and possibly early availability. 
Also, the MSFC saw no need In duplicating study efforts by other 
government agencies that were investigating thfe economics and feasibility 
of other recovery system concepts. Aware that the studies were giving 
varying results, the MSFC preferred to develop a simple recovery system 
capable of recovering the SATURN S-l stage and actually recover the first 
flight vehicles. Having actual post-flight hardware on hand would provide 
factual data and define precisely the economics, feasibility, and practi¬ 
cability of booster recovery. This would be accomplished without having 
to develop a new recovery technique. However, during the parachute recovery 
system development program on both the SATURN and MERCURY-REDSTONE vehicle 
programs, funding problems were encountered; and in both cases, the first 
program to be canceled was recovery. 

Between the termination of the SATURN parachute recovery system and 
parallel with the H-l salt water exercise, several proposals with different 
recovery system concepts were received and reviewed by the MSFC. Among 
these proposals were two similar techniques utilizing the Rogallo Flexible 
Wing concept. Approximately six months after termination of SATURN recovery 
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program, funds were again made available. At this time, the concept 
that looked the most promising was the Rogallo Wing; and a decision was 
made to investigate the feasibility of the Rogallo Wing to recover a 
SATURN S-l stage of the C-l or C-2 program. Mr. McNair will present 
the result of the studies. 


\J 


Rodolfo M. Barraza 
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FIG 3 



MAJOR NUMBER OF DRAG DEVICE LINES CUT LOOSE TO 
ALLOW PARACHUTE DEPLOYMENT OPERATION. 

DRAG DEVICE RETAINED OFr CENTER AND PILOT PARACHUTE 
DEPLOYED. PILOT PARACHUTE WILL EXTRACT 
FIRST STAGE PARACHUTE IN REEFED CONDITION. 











FIRST STAGE PARACHUTE LOOPS SEVERED AND 
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This presentation will be a summary of the results of a feasibility 
study to investigate the "Rogollo Flex Wing" for use in dry landing 
booster recoveries. Feasibility studies were initiated concurrently 
with North American Aviation, Inc. and Ryan Aeronautical Co. in Jan¬ 
uary of 1960 and terminated in August of 1960. Main emphasis was placed 
on the "Rogollo Flex Wing" or paraglider as applied to the recovery of 
the S-l stage of the C-l and C-2 class Saturn vehicles. 

The program objective (slide #1) was to demonstrate the technical 
and economical feasibility of the paraglider for S-l stage dry land 
recovery. Dry land recovery was a basic ground rule that was imposed 
at the time of this study, because of the low confidence level of the 
reuseability of materials recovered from salt water. This restraint may 
not necessarily be imposed on future recovery techniques. Salt water 
tests of propulsion units are proving to be much less obstructive to 
engine materials than at first expected. 

The development of the flex wing represents a major advancement in 
the field of aerodynamic structure providing an extremely lightweight, 
aerodynamic lifting surface. Langley Research Center had prior to this 
study demonstrated the feasibility of the paraglider concept both in 
the wind tunnels and flight tests. Also, Ryan Aeronautical Co. had 
designed and built a manned utility vehicle incorporating the "Flex 
Wing" principle. The experience and test data derived at Langley and 
at Ryan, and the obvious structural weight and packaging advantages, 
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suggested this concept as a highly desirable solution for the recovery 
of larger boosters. 

The program study scope'(slide #2) may be divided into four phases. 
(1) Preliminary design of the recovery system . This phase includes 
the parametric analysis necessary to define the wing geometry, and 
sufficient detail study of general characteristics to insure booster 
and wing compatibility for control during main fly back time and land¬ 
ing phase. (2) Method of attachment with minimum modification to 
booster . Since the S-l stage at this time had been almost completely 
designed, extreme care had to be placed on the packaging of the wing 
within reasonable boundaries of the stage such as not to impose adverse 
aerodynamic and structural problems during flight. Special emphasis was 
placed on attachment of wing design to booster to insure adequate con¬ 
trol during fly back and landing phase. (3) Complete operational and 
cost analysis . It is probably clear to everyone that the addition of,a 
booster recovery system to a space vehicle program requires additional 
functions otherwise not needed if expendable boosters are employed. 
Typical of such functions are the recovery package operations of instal¬ 
lation, checkout, and booster refurbishment after recovery. Other func¬ 
tions, such as transportation of boosters from the manufacturing site 
to the launch site, would be changed to the extent that such operations 
are required to support a given launch frequency. Cost analysis will 
very much depend on the operational sequence. These items will later 
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be covered. (4) Detailed research and development . A R&D program 
would definitely be recommended for the C-2 type vehicle, but as of 
today (1962) the C-2 vehicle is not in the NASA overall program. 

The S-l booster physical characteristics are given on slide #3. 

The booster not including interstage has an overall length of 66 feet 
and a diameter of 237 inches. The booster cutoff weight is 120,866 
pounds which includes about 15,000 pounds of residual fuels. The center 
of gravity at cutoff of booster is slightly toward the rear of the 
booster. For the case of fuel residuals at bottom of tanks, the CG 
would be at station 331 and for fuel residuals at top of tanks the CG 
would be at station 344. Stations are referenced from engine or base 
end of booster. 

The configuration selected by Ryan and its mode of attachment to 
the booster is shown on slide #4. The wing is 100 feet long for the 
keel and leading edges with a wing area of 7,070 square feet, and a 
wing loading of 13 pounds/feet . The wing has a flat planform sweep- 
back angle of 45 degrees and inflated in flight to a sweep angle of 50 
degrees. The wing membrane material may be either fabric or foil gage 
material depending upon the temperature requirements. The keel and 
leading edges would be of rigid aircraft structure design - rivited 
sheet metal construction. 

A spreader bar located at approximately the 58 per cent keel and 
leading edge stations for minimum bending, is of tubular construction 
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and deploys the leading edges to the desired sweep angle. Fixed cables 
attach the wing to the control bar and operating cables attach the con¬ 
trol bar to the booster. The cables from the control bar to the booster 
allow for both pitch and roll control. 

The booster cutoff velocity versus altitude is given on slide #5 
for the various missions for both the C-l and C-2 type vehicles. The 
various missions are escape, low orbit satellite, re-entry and Dyna- 
Soar. In comparing, one can see that the C-l burn out velocities and 
altitudes are by a factor of three to four times as great as the C-2 
values. It turns out, as we will see later, that these C-l cutoff con¬ 
ditions are detrimental for flying back to land. The high altitudes 
coupled with the high velocities also produce excessive temperatures 
on the booster. 

The anticipated C-2 sequenced mission profile is shown on slide 
#7 (similar for C-l mission profile). Down range, lateral range, and 
altitude corresponding to the time of flight and associated event of 
flight are given. 

The recovery system necessary for dry landing must permit scheduled 
energy dissipation under all boost missions and expected environmental 
conditions. Shortly after first stage burn out, a chute, approximately 
36 feet in diameter, is deployed for stabilization (pitch and slide 
slip) and energy dissipation. The wing is deployed about 15 to 20 
seconds after burn-out of first stage and the large chute is then ejected 
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immediately. (This time period of 20 seconds permits a reasonable 
range of wing sizes to be deployed at lift coefficients up to maxi¬ 
mum and to maintain tolerable deployment loads). Shortly thereafter, 
a preset 30 degree bank angle command is initiated and a 180 degree 
turn is performed. The 180 degree turn indicates a desire to return to 
or near the original launch site. Fly back to the flare position is 
then made with a near ~ maximum condition. The existing energy at the 
flare position is then used for execution of the final landing phase. 

The C-l glide or fly back to land capability for various winds and 
no wind conditions is given on slide #6. The range or Impact footprints 
is given for an azimuth 110 degrees East of North. From a range safety 
viewpoint, this is about as far south as firings would be allowed. 

The wind magnitudes given as 97% and 95% probability levels are defined 
as values that will not be exceeded during the worst month of the year 
(March) at and surrounding area of Cape Canaveral not more than 3 and 
5 percent, respectively. 

o 

The wing loading was 4.0 pounds/feet which was determined mostly 
from loads and heating viewpoint. 

The two outer circles show impact points for the vehicle flying 
with a tail wind, which indicates for these assumptions the booster 
would have a possibility of landing on some of the down range Islands. 
Unfortunately, we cannot live under the assumptions of always being 
assisted by winds to gain more range; it is just as likely that the 
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booster would be flying under head wind conditions which would confine 
the impact points to the inner most two circles. The middle circle 
shows the impact points for glide under no wind conditions. 

The important thing to be gained from this slide is that no guar¬ 
antee can be made for dry landing for the C-l type booster. Since dry 
landing was a ground rule of this study, the idea of recovering the C-l 
type booster will be dropped at this point and the remainder of this 
discussion will concentrate on the recovery of the booster for the C-2 
type vehicle. 

The effect of wing loading on range is shown on slide #8. Two 
representative extreme cutoff conditions were chosen, namely, the re¬ 
entry test mission and the Dyna-Soar mission. The effects of winds 
both head and tail for the 97% probability of occurrence along with the 
no wind case are shown. Since tolerable loads and temperatures did 
not prove to be exceeded during flight, the wing loading was chosen on 
the basis of achievable range. Thus, as indicated by slide, the wing 

O 

loading is chosen to be 15 lbs/ft . 

With this wing loading, the C-2 fly back capability is given on 
slide #9. The assumed firing azimuth of 45 degrees East of North was 
chosen only for convenience. The most, adverse case, the Dyna-Soar 
Mission, was chosen for demonstration of fly back capability. Here, 
as in the C-l case, the range impact areas are shown for the various 

wind and no wind conditions. This points out that it is possible 
to return to the vicinity of Cape Canaveral for all considered 


6 




TITLE: Application of Paragliders to S-l Booster Recovery for C-l and 
C-2 Class Vehicles £ 

environmental conditions with the exception of the 97% probability head 
wind which is slightly marginal. 

At this point, it is noteworthy to point out that this range capa¬ 
bility is achieved only with the ^ values obtained from the wing with 
rigid leading edges. The — values obtained from the inflatable leading 
edge wing are somewhat smaller and will not return the vehicle to the 
Cape. 

Slide #10 shows main advantages and disadvantages of the rigid 
leading edge wing and the inflatable leading edge wing. The rigid lead¬ 
ing edge wing provides a maximum ^ of 3.85; whereas, the inflatable 
leading edge only produces a maximum ^ of 2.5. This difference in ^ 
is sufficient to render no dry landing capability for the inflatable 
leading edge wing, whereas, the rigid leading edge wing provides suffi¬ 
cient range for all cases except the Dyna-Soar Case (highly improbable). 

The structure weight of total system for the rigid leading edge is 
estimated to be about 8% of recovered weight. The inflatable leading 
edge wing combined with system structure is estimated to be between 6 
and 8% of recovered weight. These weight estimates are given by the 
Ryan Aeronautical Company. North American Aviation weight estimates of 
the different constructed wings are about twice as great. This, of 
course, is a significant difference in results of the companies. 

Deployment may be made at high q values with the rigid leading 
edge wing; whereas, the inflatable rigid leading edge is thought to 
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require low q deployments. For best use of energy dissipation, it 
appears necessary for fly back to Cape missions to have early deployment 
and turn around after first stage cutoff. 

Slide #11 shows a more detail view of the Ryan selected rigid 
leading edge wing configuration attached to the booster. Since the 
proposed glide technique of recovery employs no auxiliary aerodynamic 
or jet reaction controls, very careful attention has to be given to the 
manner of booster suspension from the wing. 

An aft end View of booster and wing combination is shown on the 
left hand side of the slide. The cables leading from the strong points 
of booster (both front and aft end) to the control bar are movable 
and are for pitch and roll control. Control is accomplished by properly 
controlling the total mass center of the system. The array of cables 
leading from control bar to the leading edges and keel are held fixed. 

The right hand side of slide shows a side view of wing attached 
to booster. Longitudinal wing position and angle of incidence depend 
on the required booster angle, of attack for various trimmed flight con¬ 
ditions or the pitch attitude desired for Landing. For maximum range, 
the booster should fly with a near zero angle of attack. It is possible 
to fly with adequate stability at a wing angle of attack («L w) up to 
20 degrees, which corresponds to just above i maximum. A greater oL w 
value usually results in a radical pitch up as a result of normal 
transient conditions encountered during the trajectory. 
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During the flyback portion of the trajectory, wing incidence is 
commanded by the ground operator to keep the vehicle along the desired 
flight path. Phugoid motion will occur at nearly constant angle of 
attack but the automatic trimming system will damp out the phugoid 
mode, while preventing variations of wing angle of attack to angles 
not consistent with ^ maximum. 

The system as shown here may be considered completely rigid, 
thus eliminating requirements for interrelated booster dynamics with 
respect to the wing. 

The actual flight path during flare will be determined to some 
extent by the variable vehicle configuration and variable inflight con¬ 
ditions upon initiation of the flare maneuver. The flare command system 
is not designed to establish a fixed flight path during flare, but rath¬ 
er a specifically commanded sink rate as a function of altitude. This 
method results in an appropriate utilization of the energy available 
during flare. In general, this means that systems with excess energy 
perform longer, slower flares to dissipate energy as a result of drag. 
Systems with less or minimum energy will initiate flare automatically 
at an altitude at which the system is capable of a successful flare. 
Conceptually, the control commands during flare are computed by a ground 
based computer and transmitted to the wing control system by radio link. 
The ground base computer utilizes altitude and range information to com¬ 
pute the error equation. 

A typical example of the system performance during flare is given 
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on slide #12. The simulated system performance is measured against the 
commanded sink rate. Touchdown was accomplished with less than 5 ft/sec 
vertical velocity. The final landing gear design is based on landing 
skis with conventional energy absorbing oleo struts. 

Since the subjects of control, flare, and landing requirements for 
the paraglider system is going to be covered in later talks by Langley 
Research Center, I will not dwell further on these subjects. 

A schematic diagram of the rigid wing packaging attachment to 
booster and deployment sequence is given on slide #13. The rigid wing 
is packaged between a single lox and fuel tank. Next to the wing 
between adjoining fuel and lox tanks, the keel and control bars are 
housed. In the nested position, the wing, fairing door, and control 
bar will be attached to the booster at approximate stations 187 and 771. 
There will be clips welded to the tanks to accommodate straps across the 
wing to minimize deflection and vibration. Clips will also be added 
to accommodate cables crossing over tanks from the control bar to wing. 

Cartridge ejection separates the package from the booster. This 
ejection mechanism is attached to the top leg of the forward spider 
and will operate on tracks. An ejection hammer strikes the folded 
aft end of the keel, imparting a rotational moment. A second lip on 
the ejection hammer then strikes the wing apex. This system is 
sequenced in such a manner as to impart translational and rotational 
energy to the keel to insure positive separation and unfolding of the 
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100 foot keel. Ejection of the undeployed wing also causes, by cable 
attachment, control bar separation from the booster. Cable tension, 
within the wing and control bar, causes spreader bar action which forces 
both wing and control bar in their operating geometry. 

It may at this point be well to point out that very little is known 
of deployment characteristics of such a wing for high dynamic pressures. 

The main steps of the booster re-use cycle are shown on slide #14. 

* 

The addition of a booster recovery system to a space vehicle program 
requires additional functions otherwise not needed if expendable boost¬ 
ers are employed. Typical of such functions are the recovery package 
operations of installation, checkout, and booster refurbishment after 
recovery. Other functions, such as transportation of boosters from the 
manufacturing site to the launcfh site, would be changed to the extent 
that such operations are required to support a given launch frequency. 

The installation and checkout of recovery package would be done 
on pad at launch or within the near area depending upon installation 
requirements. Transportation from landing site to refurbishment site 
would probably be done by large trucks with special equipment for trans¬ 
porting boosters. Then, after refurbishment is complete, the boosters 
may either go to storage or back to the launch site for further action. 

All of the steps In the re-use cycle have definite inputs to the 
cost analysis of such a program. 

A booster program savings versus average launch per booster is 




TITLE: Application of Paragliders to S-l Booster Recovery for C-l and 
C-2 Class Vehicles 

shown on slide $15. The program cost without recovery for a launch 
rate of 12 per year for a 12 year period was estimated at 1.3 billion 
dollars. The parameter E is defined as the ratio of refurbishment cost 
to original cost of booster. E was chosen to be .2, .4, and .6 respec¬ 
tively. This graph was based on recovery mission reliability of 60% 
and an average payload of 40,000 lbs. to low orbit. (C-2 configuration) 

A most probable range relative to number of launches per booster 
is from 2.4 to 3.7. These limits are based on the flex wing recovery 
system reliability analysis, which is converted from probability of 
booster re-use to launches per booster. The minimum point, and most 
conservative, within the probable range (2.4 launches per booster and 
a 60% of booster cost allowance for refurbishment) indicates a total 
program savings of 185 million dollars; while the maximum point and 
most liberal (3.7 launches per booster and a 20% of booster cost allow¬ 
ance for refurbishing) shows a total program savings of 644 million 
dollars. 

The last slide, #16, gives a summary of conclusions and recommenda¬ 
tions. The conclusions are as follows: 

(1) Boosters for C-2 type vehicles may be recovered on dry land 
(Cape area) by application of paragliders. 

(2) Packaging of the wing system could be done within contours 
of C-2 booster. 

(3) A general package type recovery system could be installed on 
booster. This implies almost no modification to booster 
structure. 


12 


TITLE: Application of Paragliders to S-l Booster Recovery for C-l and 
C-2 Glass Vehicles 

(4) Recovery system weight is about 8% of recovered weight. 

(5) Sink speeds of 5 ft/sec or less are possible to obtain during 
flare and landing. 

The recommendations at the time of study (1960) were to start 
inmediately on a program of development which included hardware test¬ 
ing, etc. Unfortunately, the C-2 type vehicle is now not in the plans 
of NASA launch vehicles; thus, no development plans are in progress. 






















C-2 VEHICLE, S-l STAGE PRELBCLHARY MASS CHARACTERISTICS 


Dry Booster (Including Pins) 

A. Front Hoist Point Load 

B. Rear Hoist Point Load 

Dry Booster with S-l/S-11 Inter. Sect. 

Retro Rockets, & Recovery Package 

Booster at Separation (Separation Sta. 868.304) 
Case 1. With Residual at Bottom of Tanks 
Case 2. With Residual at Top of Tank 


Weight 

C.G. 

Moment of 

Inertia 

(lb) 

Sta. 

Pitch 

Roll 

88,000 

307 

217,168 

15,808 

25,785 

781.304 



62,215 

121.750 



106,000 

344 

284,331 

22,099 


303,897 

318,812 


120,866 

120,866 


331 

344 


24,598 

24,598 
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RECOVERY OF ORBITAL STAGES 
By 

Dietrich W. Fellenz* 



The reasons to be interested in the recovery of a stage that 
reaches orbital injection conditions (usually a secojid stage) are 
basically the same as for the recovery any other piece of space hard- 
ware: 

1. Post-flight inspection affords the detection of design short¬ 
comings and a better evaluation of the actual environment of the cony* 
ponent (loads, heat input etc.)* 

2. Reduction of cost per pound of payload in orbit due to re-use 
of hardware. 

3. Operational advantages of positive disposal of hardware 
and if possible return to the refurbishment and launch site. 

While post flight inspection is always desirable from an engineers 
point of view in order to advance the state of the art, it looks like that 
the development of a recovery system can only be sold on tbe basis of 
points 2 or 3 above. 

To prove the desirability of recovery on a cost basis alone 
would require that all developmental and operational costs referred to 
the reduced payload in orbit would come out cheaper than in the case 
of an expendable reference vehicle. Studies performed ox contracted 
by MSFC in this area showed that this point could be proven for first 
stages assuming the present state of the art. The discussion of cross¬ 
over points, of course, is influenced very strongly by the basic cost 
assumptions. At the present time, it seems, that no cost reductions 
can be derived from second stage recovery. 

The third and by no means less important aspect is the operational. 
It can be expected that the volume of launch operations in support of 

^Advanced Flight Systems Branch, Propulsion and Vehicle Engineering 
Division, Marshall Space Flight Center 



orbital operations, lunar and planetary missions will continue to grow 
and will reach dimensions where the controlled disposal of all spent 
space hardware will become mandatory. Taking an expendable vehicle 
with such a "disposal" system and its reduced performance as reference, 
it might prove that full recovery and return of all stages can become 
economical. The requirements for recovery forces will grow pro¬ 
portionally to the volume of the launch operations. It is obvious that 
the capability to return to the launch base has to be more and more in¬ 
corporated in the vehicle. This would in turn speed up the refurbish¬ 
ment and increase the overall flexibility of the operation. 

That means that the first stage requires sufficient propulsion 
for fly-back, and that the second stage glides back to the launch site 
after one or more revolutions around the earth and subsequent aero¬ 
dynamic re-entry. 

To study the sensitivity of various parameters of recovery the 
Marshall Space Flight Center sponsored three industry study contracts 
(NAS 8-1513/1514/1515) on the subject "Study of a Two to Three Million 
Pound Thrust Launch Vehicle". The basic mission was defined as two- 
stage to 307 N, M, orbit. Recovery was to be considered for both stages. 
Fig. 1 shows a typical mission profile. 

An evaluation of the final reports of the three studies with respect 
to structural weight increases due to recovery was made arid the re¬ 
sults are shown in Fig. 2. The parameter shown is the weight of the 
recovery system in percent of the structural weight of the expendable 
reference vehicle, based on equal propellant ratio, i. e. , on equal 

,1 

ideal velocity increment of recoverable and expendable stage. The data 
generated by the different companies scatter considerably. This is 
partly due to the different assumptions with respect to structural 
efficiency as indicated by the structure ratio of the expendable reference 
vehicle shown in Fig. 3, partly due to the relative novelty of a 
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particular recovery mode. We expect to be able to-amooth out some of 

the scatter in these data after a presently going study of fixed wing 

* 

recovery systems .has been evaluated. In order to get a better feel 
for the performance penalty associated with orbital stage recovery by 
paraglider a conceptual design study was performed at MSFC, the 
results of which will be discussed later in some detail. 

In the case of a two stage to orbit configuration we find that 
there is a payload decrease of about 1 lb per 5 lbs increase in first 
stage structure weight and a payload decrease of 1 lb per 1 lb increase 
in second stage structure weight. 

In addition to that the increase in second stage structure weight 
due to recovery is considerably higher than that for first stage recovery. 
This is mostly so because of the more severe re-entry environment 
and the much longer glide and exposure times requiring heavier thermal 
protection. 

This explains why second stage recovery is so expensive in terms 
of payload. Fig. 4 shows the effect of second stage recovery on the 
payload of a two stage to 307 N. M. orbit configuration with an initial 
weight of 2.4. 10* lb and 3. 10* lb thrust. First stage L.OX/RP; Second 
Stage LOX/LH 2 . The ascent trajectories utilized intermediate parking 
orbits and Hohmann transfer up to 307 N. M. altitude. The recovery 
factor, as defined by NAA^ee Fig. 4 for equation, represents the 
ratio between the stage structure weight factors of the recoverable and 
the expendable reference vehicles. The figure shows on its left side 
for K 2 a 1. 0, which means no weight added for second stage recovery, 
the payload performance of the corresponding lower stage (again with 
or without recovery) carrying an expendable second stage. 

Some of the scatter in the payloads shown can be explained by 
different staging orbit altitudes and different "kicker 'systems" to 

♦Conceptual Design Study of Ten Ton Reusable Orbital Carrier 
Vehicle NAS 8-2687/5037. 
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perform the transfer maneuver up to the target orbit. The recovery- 
modes suggested for study in the "2=>3 Million Pound Thrust Launch 
Vehicle Study" were "Paraglider" or "Fixed Wing". The lightest of 
these modes of course is the Paraglider, although, as you saw from 
Fig. 2, this sytem can amount to a sizable weight penalty. Increasing 
second stage recovery factor K 2 means heavier and more sophisticated 
recovery systems, usually associated with extended cruise capability. 

I would now like to present some details on our parametric 
design study of the application of a paraglider to the recovery of an 
orbital stage. 

The paraglider concept looked attractive to us because of its 
light weight, the simplicity of the system, the possibility to stowe 
it away in a fairly small volume along the stage which would not penalize 
the vehicle configuration during ascent, and the inherent stability of the 
paraglider configuration. 

With respect to the mission we assumed that the payload shall 
be delivered in a 307 N. M. orbit using a two-stage plus "kicker- 
stage" arrangement. The second stage burns out at low altitude at 
a velocity equal to the local orbital velocity plus the velocity increment 
for Hohmann transfer up to 307 N. M. Then it was assumed that the 
empty stage plus payload were injected into orbit. After waiting in 
orbit the orbital stage was brought to re-enter with a zero altitude 
virtual perigee, corresponding in this case to a flight path angle of 92 
deg at 400,000 ft altitude. 

Starting from this condition we investigated the influence of 
paraglider wing loading and deployment altitude on the thermal protection 
requirements and the overall structural weight of the paraglider package. 
The characteristics of the stage were those of an early version of a 
Saturn second stage. 
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The wing loadings considered were 1.25; 5; 10 lbs/ft 2 . The 
deployment conditions investigated were 400,000 ft altitude; maximum 
dynamic pressure, and finally Mach 5. 

Upon entry into the sensible atmosphere a drag device would 
be deployed to stabilize the stage. This drag device would be retained 
after deployment of the parawing. The de-reefing of the wing was 
controlled to keep the normal acceleration of the stage below a certain 
limit. The following assumptions were made on the part of the paraglider 
system: 

J The physical dimensions of the paraglider wing installations of 
™ different wing loadings are assumed to be geometrically similar; 

• Keel length equals leading edge length for easy stowing; 

• Wing leading edge sweep angle in fully deployed condition is 7 - 50° 

• C. G. location required to fly at subsonic L/D max and 11% static 
margin is 0. 65 c"below wing leading edge, and 0. 55 c"behind leading 
edge of TT; 

• The wing would be oriented at an angle of attack that yielded max. 

L/D for that particular wing/body combination; supersonic flow: 
a »40°; Subsonic flow: ar«25°; 

• The stage body is always oriented parallel to the flight path; 

• The net structure weight of the stage, which is equal to the weight 
recovered was W n = 41, 000 lb; 

• The basic structure weights of the paraglider packages were obtained 
by scaling with respect to wing loading; 



In scaling of the structural weights from a 15 lb/ft 2 wing loading base 
point vehicle the following assumptions were made: 




1. Wing structure weights scale| proportional to wing area, 
i. e. , inversely proportional to wing loading. 

2. Cable weights scale inversely proportional to the square 
root of the wing loading under the assumption of a geometrically 
similar suspension system. (Only length affected. Loads and <j> are 
same.) 


3. Landing gear, control system and drogue body structural 
weights are roughly independent of wing loading. 

We ran re-entry trajectories deploying wings of the different 
wing loadings at the different points along the trajectory. The results 
of these runs were fed into a thermodynamic analysis to determine the 
heat protection required. It was arbitrarily decided to use an ablative 
system. The basic stage structural material was changed from Aluminum 
2014 to stainless steel. 

The ablation material weights were then determined, added to 
the glider structural weight and referred to the net structural weight 
of the recovered stage. The results are shown in Fig. 5. 

In this figure it is considered that in the cases of deployment 
at 400, 000 ft altitude the maximum resultant load factor almost in¬ 
dependently of wing loading was not higher than 3 g's, and that in the 
cases of deployment at q m ax an< * Mach 5, the max. resultant load factor 
incurred was 10 and 9 g's respectively. The weight of the glider was 
then adjusted assuming that the structural weight scales directly pro¬ 
portional to the load factor. 

The main trend of the curves on Fig. 5 seems to indicate an 
advantage in going to higher wing loadings, i.e., smaller wings. Further¬ 
more the curves would indicate a preference for deployment at 400,000 
ft.altitude. However, there is a design difficulty in that it is hardly 
conceivable how the suspension cables with a diameter of in the order of 


* Normal load factor during deployment is kept at 6 g's 

. S 
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2 in. and an additional ablation coating of in the order of 1/2 in. could 
be stowed and then deployed within a split second without loosing the 
ablation coating. No such coating is required for the lower altitude 
deployments. 

Therefore, our tentative conclusion at this time is to prefer 
to deploy the wing below Mach 5, preferably at subsonic speeds and 
to go to as high wing loadings as are compatible with the overall flight 
stability and glide capability to ensure safe automatic landings. We 
feel that even the application of a radiative cooling system for the case 
of deployment at 400, 000 ft altitude would not change this preference. 

If the subsonic glide capability of a paraglider is not required, a very 
similar system can be based on a parachute. The resulting weight 
penalty would be very low but has to be bought at the expense of 
impact and retrieval problems. 

At the present time it cannot be stated positively that orbital 
stage recovery will save costs, however it can be said that from the 
operational point of view it would be very attractive. Advances in the 
state of the art of recovery systems will reduce the weight penalty 
associated with reusability, and in general will tend to make orbital 
stage recovery also attractive from the economical aspect. 


INJECTION OF PAYLOAD INTO 
TARGET ORBIT& INITIATION OF 



TYPICAL ORBITAL MISSION PROFILE INCLUDING RECOVERY OF TIE ORBITAL 
STAGE IMMEDIATELY AFTER ONE REVOLUTION AROUND HE EARTH. 









































































Effective Structural Ratio c n = W n /W Q Expendable Vehicles 
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SUMMARY 


As a part of a NASA-wide review of past and current work in the 
field of payload and launch vehicle recovery, this paper presents a 
summary of launch vehicle recovery studies conducted under sponsorship 
of the MSFC Future Projects Office. Previous study programs are reviewed, 
a current assessment of mission prospects and vehicle concepts is pre¬ 
sented, and current MSFC studies in this area are outlined. Areas are 
suggested in which research and experimental work can hlep establish a 
foundation for future vehicle developments. 
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A REVIEW OF LAUNCH VEHICLE RECOVERY STUDIES 
By L. T. Spears 
MSFC Future Projects Office 

I 

INTRODUCTION 

With our greatly expanded space program objectives, space launch 
vehicles will soon become a major new form of transportation. Launch 
vehicles to date, patterned after their ballistic missile predecessors, 
are characterized by "one-shot" operation in which the vehicles of highly 
refined design are discarded after a flight operating lifetime of only a 
few minutes. Recovery of expensive flight equipment, and the strong need 
for first hand flight test information, have prompted work for some time 
toward launch vehicle recovery; however, the difficulty of the task in 
some cases, but more often the over-riding priority of primary program 
objectives, have resulted in little concrete progress to date. 

Interest and Work toward booster recovery at MSFC date back to 
RED8WN&^«Md«!JUPITER projects (as part of the Army Ballistic Missile 
Agency) in 1958/1939. Considerable work has continued since that time, 
as described in the MSFC papers given at this meeting. The three pre¬ 
ceding papers have reviewed individual Marshall projects relating to 
launch vehicle recovery. This paper will present a summary of past and 
current MSFC work in this are^ including a number of system studies, 
conducted under direction of the MSFC Future Projects Office. This 
material will be presented in the following arrangement: 

(1) Summary of previous launch vehicle studies, and recovery 


methods considered. 
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(2) A brief discussion of recovery implications, and comparisons 
of recovery methods. 

(3) A current assessment of mission prospects and vehicle concepts. 

(4) An outline of current reusable vehicle studies at MSFC, and 
suggestions for complementary research and experimental work. 

POTENTIAL BENEFITS OF RECOVERY 

It might be helpful to begin with a review of the potential benefits 
of launch vehicle recovery, some of which are listed in table 1. * Most 
booster recovery studies have been begun with the incentive of reducing 
costs. As these studies progressed., however, there has been an Increasing 
recognition that the operational benefits of vehicle reuse will likely be 
more important than costs, particularily for the high traffic rate transpor¬ 
tation of passengers and cargo between earth and orbit. 

The reuse of vehicles which have operated successfully on previous 
flights is believed to be of advantage, compered to the use of completely 
new equipment on each flight. Post-flight examinations of actual flight 
hardware should allow quicker diagnosis and correction of early design de¬ 
ficiencies than with limited telemetry data, and e faster growth to design 
maturity in the development phase. Growth to higher reliability levels 
can also be expected through repeated flight checkouts and design re¬ 
finements . 

The extent of range safety problems will depend on actual launch 
rates encountered, and upon future desires or necessity to relax restric¬ 
tions in launch site location and launch azimuth. In any of these cir¬ 
cumstances, the problem of expended booster fallout will be alleviated 
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by their recovery. 

Abort capability will be important to launch vehicle life as well as 
range safety. In fact, some data from aircraft experience indicate that 
abort capability, perhaps more then reductions in malfunction rates, is 
the key to extended vehicle life. 

PREVIOUS RECOVERY STUDIES 

The possibility for recovery of REDSTONE and JUDlt&R missiles prompted 
conceptual studies of recovery methods in 1958/19$9, leading to design and 
fabrication of parachute recovery systems as described in the preceding 
papers. Other studies have followed, as Indicated in table 2. The first 
two <rf these involved the addition of recovery systems to vehicles of 
existing design, whereas the latter three investigated vehicles of new 
design, incorporating a verlety of recovery concepts. The latter study 
produced comparative designs of recoverable and expendable vehicles in the 
SATURN C-3 class, concentrating on fixed wing or paraglider recovery of 
one or both stages. 

The various recovery methods considered during these studies are 
tabulated in table 3. In all cases, aerodynamic drag and/or lift is the 
means for primary deceleration for the expended StAge. A number of 
methods have been suggested for the maneuver to a selected landing site, 
cancellation of residual velocity, and for final touch-down. The simpler 
methods allow little or no deviation from the ballistic impact point for 
the expended stage. The glide capability inherent in fixed or flexible 
wings allows greater freedom in this respect; however, studies have shown 
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that favorably staged vehicles will require auxiliary propulsion (such as 
air-breathing engines) to allow the desired return of expended booster 
stages to the launch site. 

Circumstances have not allowed investigation of all concepts in equal 
depth. Choices for particular applications have resulted in greatest depth 
of MSFC study in parachute systems, paraglider, and fixed wing vehicles. 

SOME IMPLICATIONS OF RECOVERY 

In studies Investigating reusable vs expendable mode of operation and 
the relative merit of the different recovery cohcepts, many consider¬ 
ations of course come into play. Comparisons on the basis of three slgnlfi' 
cant considerations are summarized in tables 4 and 5 and figures 1 and 2. 

Table 4 compares recovery operations required for ths simpler forms 
of recovery, involving down-range water landings, with the more extensive 
forms of recovery, which allow glide or cruise to a prepared landing site. 
Although probably acceptable for low launch rates, sea recovery operations 

(similar to Project Mercury experience) would become unwieldy for higher 

1 

launch rates. Immediate return of boosters into the refurbish and check¬ 
out cycle at the launch site - avoiding water impact, down-range recovery 
operations, and transport back to the launch site - is considered an 
important factor in selection of recovery methods. 

All known forms of recovery increase vehicle inert weight through 
addition of equipment and/or increased structural strength, resulting 
in*payload penalty of some degree. Figure 1 shows penalties typical of 
various booster recovery methods; second stage recovery penalties, as 
discussed in the preceding paper, are shown for reference. In comparative 
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analyses, this performance decrement is reflected in costs through addi¬ 
tional launches required to deliver equal (cumulative) pa loads, or in¬ 
creased booster size to provide performance equal to that of an expendable 
stage. 

Primary factors determining the degree of cost benefit from booster 
reuse are shown in table 5. For the simpler recovery methods, booster 
reuse rate vs recovery/refurbish costs dominate, whereas increased booster 
purchase price and development costs become more prominent for reusable 
vehicles of advanced designs. 

Analyses continue to show cost benefit for booster reuse, with the 
degree of benefit dependent upon variable estimates for some of the 
individual elements in which our experience is limited or lacking. 

Typical results of comparative costs estimates, based on studies of 
vehicles in the 2-3 million pound thrust class, are shown in figure 2. 

CURRENT ASSESSMENT - MISSION PROSPECTS/VEHICLE CONCEPTS 

Our immediate future space program objectives place primary emphasis 
on: 

(1) Increased launch vehicle performance; i.e., capability to 
perform missions not previously possible. 

(2) The need for this capability as early as possible. 

Since recoverability would reduce payload capability and might require 
additional time for design and development, early introduction of recovery 
into major vehicLe programs is not likely. 

As irvodher technological evolutions, however, establishment of a new 
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capability can be followed by concentration on improvement in operations 
and efficiency. The operating environment for the expected next phase 
of space activity emphasizes the potential for such improvements through 
the use of reusable launch vehicles. In contrast with the first phase, 
frequent and repetitive launchings will be required to support sustained 
operations in earth orbit and on the moon. Orbital space stations, both 
manned and unmanned, will require frequent visits for crew rotation, 
inspection of equipment, maintenance, and repairs. Particularly in 
some vehicle classes, the passenger-carrying function will place greater 
emphasis on reliability, safety, and abort capability. In general, 
this environment suggests a need and an approach similar to that of 
current air transportation. 

At this point, fixed wing boosters seem the most promising choice 
for high traffic-rate, passenger-carrying classes. Equipped for 
powered cruise, this concept offers the best probability for recovery 
and reusability, with a minimum of recovery operations. Also signifi¬ 
cant with respect to the expected early establishment of orbital space 
stations, the concept requires only modest advances in technology, 
allowing timely availability. The simpler forms of recovery are 
probably more adaptable in the lower launch-rate classes. With no 
clear cut choice of recovery method apparent at this time, investigation 
of several methods - including water impact, parachute, and paraglider - 
should be pursued. 
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CURRENT MSFC STUDIES 




Based upon this background and conclusions to date, Marshall- 
sponsored studies as shown in table 8 are now in progress* to help de¬ 
fine the next generation launch vehicles. 

Paraglider recovery of rocket vehicles in the 5-ton orbital payload 
class is to be studied, along with possible use of airplane-type boosters, 
adapted from RS-70 or supersonic transport design for air launching of 
rocket-powered upper stages. 

The 10-Ton Orbital Carrier Study will concentrate on the job of 
passenger transportation between earth and orbit and, as such, is con¬ 
sidered a probable first application for the fixed wing, "rocket airplane" 
concept. The 50-100 Ton Vehicle Study, on the other hand, is aimed 
toward a "space truck" cargo carrier concept as a successor to the 
current SATURN C-5, with a probable primary mission of sustained lunar 
operations support. The first phase of this study is investigating 
prospects for conversion of the C-5 into reusable configurations. 

There are several study programs now active to determine vehicle 
configurations for payload capability greater than SATURN C-5; two are 
listed in which recovery/reuse are being considered. The first of these 
is conceived as a sea-launched, pressure-fed vehicle which can be 
recovered by water impact without requiring auxiliary recovery devices. 
Recovery concepts within the Post-NOVA studies include inflatable drag 
and flotation devices, integral lifting (glide) capability, etc. 





* With exception of the 5-ton payload class study, which is planned as 
part of FY 63 program. 
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RESEARCH A EXPERIMENTAL WORK 


As in most advanced concept investigations, past experience in 
several aspects of vehicle recovery and reuse is very limited or lacking. 
However, with the date for initiation of second generation launch vehicle 
developments still a few years away, there is an opportunity to provide 
a preparatory foundation of research and experimental work in the areas 
indicated. 


Recovery Methods 

With the choice of recovery methods for the different vehicle classes 
not clearly defined at present, research work for a number of methods 
should continue. Considerable experience is being gained with parachute 
and paraglider. Fixed-wing data are being gained fromX-15, X-20, and 
a limited amount of research work now in progress at the Langley Center. 
Although we have no specific recommendations for research in other 
methods at this time, studies now in progress may point out additional 
needs. 


Degree of Reusability 

The actual benefit of recovery, examinations, and reuse will remain 
somewhat intangible until we have gained actual recovery experience. 

The REDSTONE and SATURN S-I recovery programs would have provided this 
start had they reached fruition. A program of this nature is needed 
in the near future, possibly in t&e form of subscale test vehicles, but 
preferably through recovery of operational vehicles most closely 
approaching expected future vehicles. 
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Design For Reusability 

Although the design of flight vehicles for reusability and long life 
has a strong background, rocket engines and related systems have been 
designed almost exclusively for one-time or short-time usage. A project 
has been proposed by MSFC, as a part of the FY 63 Launch Vehicle 
Technology Program, to explore the basic question: In what ways should 
the design and construction of rocket systems differ from present practice 
when reuse and extended operating life are intended? 

With the combined contributions of studies, experimental work, and, 
hopefully, some operational recovery experience, the following can be 
accomplished: 

(1) Reduce uncertainties in estimates as to recovery and reusability. 

(2) Allow selections from alternative designs and procedures. 

(3) Equip ourselves for rapid implementation of a reusable vehicle 
development at the time a decision is made to do so. 





REVIEW OF THE SPACE >VEHICLE LANDING 
_AND RECOVERY RESEARCH AT AMES 


by W. L. Cook 
I nt roduc tion 

A very limited effort has been directed at manned space vehicle recovery 
and landing systems at the Ames Research Center. In general, up to this time, 
most of the wind-tunnel test results have been directed at specific projects 
of the Manned Spacecraft Center such as the steerable parachute for the Apollo 
mission and the paraglider development for the Gemini mission. Some work has 
been done at small-scale of the variation of lifting reentry body shapes to 
give significant range in the earth's atmosphere and enable horizontal landing 
capability. In this regard, large-scale wind-tunnel studies are planned of a 
lifting reentry configuration with an inflatable afterbody and control system 
for glide and landing. The fourth system which Ames has done some work and 
plans to do more is in the use of lifting rotors, both rigid and flexible, for 
deceleration, glide and landing of manned space vehicles. 

Discussion 

Parachutes . - The tests in the development of the Apollo steerable parachute 
were conducted in the Ames 40- by 80-foot Wind Tunnel and were primarily 
directed at determining the extendable flap arrangements for the best 11ft—to— 
drag ratio and static stability. A short motion picture film shows how the studies 
were conducted with a single parachute having an extendable flap for glide path 
control. The motion picture film is a supplement of TN D-1334. In these 
studies the extendable flap span was varied from 7 gores to 13 gores and the 
flap chord was varied from 10 percent to 33 percent of the parachute diameter 
which resulted in maximum L/D varying from 0.4 to about 0.55. The static 
longitudinal and directional stability was also measured for a range of con¬ 
ditions of the extendable flaps. The control response characteristics of 
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letting out and pulling in the flap were measured which indicated that the 
control response would be instantaneous and the L/D ratios at dynamic conditions 
could be approximately 40 percent higher than at static conditions. The maximum 
value L/D ratio was controlled by the stall of the second skirt at the leading 
edge of the parachute, however, in this condition, the parachute remained very 
stable. 

Wind-tunnel studies of multiple parachutes were also made which are shown 
in figures 1, 2 and 3. For the case of two side-by-side parachutes with extend¬ 
able flaps the lift-to-drag ratio obtained was approximately the same as the 
single parachute of the order of 0.5, however, the dynamic stability was con¬ 
siderably poorer. For the triple parachute with a single pusher as shown In the 
next slide, the maximum L/D ratio was very low of the order of 0.1 to 0.3 de¬ 
pending on the number of parachutes utilizing extendable flaps for control. The 
low value of 0.1 was obtained with only the single pusher utilizing the control¬ 
lable flap. For the case of the double pusher with a triple parachute system 
the L/D ratio obtained was the same as with the single parachute and the sta¬ 
bility of the system appeared fairly good although some small oscillation did 
occur probably due to the inability to control the yaw. 

Future studies are planned with multiple parachutes in the presence of 
bodies to determine the effect of a large wake on the stability and performance 
of a cluster system of parachutes. 

Paragliders . - Wind-tunnel studies have recently been completed of a half-scale 
model of the Gemini paraglider landing system. Studies were made for the glide 
regime, pre-flare, and flare-to-landing as shown in figure 4. Line loads and 
the normal six component aerodynamic measurements were made for various condi¬ 
tions of pitch attitude, sideslip angle and control variations. Studies were 
also made in the U-shape first phase of deployment. Motion pictures were shown 
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to indicate the method used to obtain these results and also show tests where 
the lines were let out quite rapidly during the last stages of deployment just 
preceding paraglider gliding flight. 

Lift-to-drag ratios of the order of J’,.7 to 2.9 were obtained dependent on 
the configuration. Three-bolt rope settings of 4.1 percent, 8.2 percent and 
12.3 percent were studied with the 8.2 percent giving slightly better values 
of lift-drag ratio than the others. The stability and control of the vehicle 
appears adequate for glide and landing with possible touchdown speeds of about 
45 knots for the full-scale vehicle. 

Deployment of the paraglider to the U-shape was attempted, but due to the 
inadequate tie-down and bolt-rope attachments on the paraglider, the deploy¬ 
ment and the inflation of the keel and booms during this phase of the deploy¬ 
ment could not be accomplished. The deployment studies are planned to be 
continued in the near future with improved design and inflation techniques. 
Several problem areas appear to exist during deployment such as, the length 
of inflation time and the effects of the body flow on the oscillations of the 
partially deployed paraglider. 

Inflatable afterbody . - A number of wind-tunnel studies have been made of 
small-scale models at Ames of lifting-body reentry shapes. Some of the tests 
have been directed at numerous afterbody shapes with control surfaces on the 
M-l vehicle for glide and landing as shown for one case in figure 5. At 
present plans are to conduct large-scale tests of an M-1L configuration with 
an inflatable afterbody and control surfaces that would be deployed at high 
subsonic speeds. From the small-scale tests, it appears the maximum lift-to- 
drag ratios of the order of 4.0 can be obtained and landings with horizontal 
velocities of the order of 120 knots on runways would be required with a 
lifting-body type of configuration. Dependent on the success obtained, the 
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deployment of inflatable afterbodies and control surfaces and their ability to 
carry the loads and give the required lift-drag ratios and stability and con¬ 
trol, further studies would be pursued with inflatable systems applied to ob¬ 
tain low aspect-ratio wing shapes on the lifting body reentry configuration. 
Deployment of the afterbody at a supersonic Mach number of the order of 2.5 is 
being considered as well to provide glide ranges of the order of 150 miles. 
Li fting rotor . - It is planned at present to conduct wind-tunnel tests of large- 
scale lifting rotor system for deceleration, glide and landing of a manned 
space vehicle. Two stages, the deceleration and glide phases are illustrated 
in figure 6. The intention at present is to conduct studies at deployment and 
deceleration phases at subsonic speeds where the dynamic pressures at high 
altitudes are of the same order as can be obtained in the Wind tunnel. During 
the deceleration, the rotor blades will be operating in the stalled blade state 
to give high-drag at subsonic tip speeds. The drag forces for deceleration 
should be controllable thus eliminating high deployment loads and enabling 
control of the rotor loads and oscillating stresses. Wind-tunnel studies will 
also be made in the autorative glide state with cyclic control to enable trim 
at higher lift-to-drag ratios than possible by simply tilting the rotor axis. 

It is anticipated that lift-to-drag ratios of the order 5 to 6 can be obtained 
with rotor systems. 

During landing, figure 7, the horizontal and vertical velocity components 
can be made to be essentially zero by conducting a cyclic and collective flare 
as done by helicopters in autorotative landings. The other method is to con¬ 
duct a collective flare from a vertical descent configuration. The effect of 
higher disc loading of this type of rotor system can be offset by tip weights 
so that flares can be accomplished with little or no vertical velocity at 


touchdown. 




- 5 - 


A number of problem areas can exist which should be studies, among these 
are deployment, operation in the stalled blade state, high rotor tip speeds, 
flare and landing with high disc loading rotors. Consideration is being given 
to conducting studies at supersonic speed to determine the effectiveness of a 
highly coned rotor as a deceleration device to enable autorotative glide to be 
started at high altitudes and thus enable extensive increases in the useable 
range. 



FIGURE l.-SIDE BY SIDE 



FIGURE 2.-SINGLE PUSHER 
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FIGURE 3-DOUBLE PUSHER 


I 


NATIONAL AHONAUTICS AND STACK ADMINISTRATION 
AMIS RISIARCH CtNTM, MOWITT FIHD, CALIFORNIA 









.?«■*>■■■ v>'V’-- 


*. ;.*.v ■ ,-■ ',v • y 






.v , 


■ v' vv. , .. 

;;; v■■■' -iCi '■ •• 


' K 


X -’3 : V-;, vi 

v' ■ ■ v;i; ;• .v j,J, v; 

•. > .<• •• V ' *i - ■•■.> '•rV- .. K . , ... •..-J- •;-• /Z)\ 

' V, ' ; '* 'iy '.' * l \'\ 

•v . : V v ■ \i "■■■"■' ;v -v r '••• ■'■ '.•'•■:'/ .•■■ 

;•••,*• * •/ '.V/ 1 ; • * .< . ' ■' a „ , • . • 

-:<■ Av' 1 :,y 1 4:ANoiN<3'9.YSTE:M?^:' ; k^ ' ••>"• 

^ .WASHINGTON ,D.C 

i 'ttot -f-e ■ a i ..' ■ c/yy^'-y >0'h/.9p; 

i ’ • • • '*■ i» \* v /, £ ■1. 

i f.>•■'"••,;'•.•■; v-.'.' . ,*• i*- .'Vy.f ■•.•. - 

: • . ,.. > ‘: >:;:■* . ■ ...' .•'•:r ;■ .j. . . 

• V* v .. •:'■ ■■“, ; ■ .■ ■ ; T'.Vi : ■. 

■ ; .J.’ *.:•/: • ■ •, . r., • ,■ ’ 

. • ’ • ' • • '• i r • V; r .ft. . ,S ■ ... •-. 

' ’* •}.- V ..)'•• • 1 ■ ; - < . I v • • . A , / 

■ ' i ■ • •■:. • .V, ■ i. u ,«• . ■■. ■ . ; ■ 

,• ?:•/ : r -■ ... ^ 

‘ ; * ‘ VJf n ’j ]\ • V •.*’ . ' * ; - A- \» ' , • * • • ' 

: .,!> ... -v. ' ■ ..'. ; • v j' ■ :■ . 


. >f •••«;; , 1 --- • 

. TVcj.' ; • -v * ' 


1 .10-11,19^2 .; ;• 



: 1 ! y y i. 

■■ t 

■>?* . v< • ,y 

1 

... > 


X ... 

' • r M%: . : V,.: 

.V ' 

CUHS-.X, 



’,*■ •'"• :■ ••■:■.' * .■ 

,y • 

•i.l'. . 

. * 







V S i 

' y / jt 


■ ■ ‘‘Vi. 




V' • 





. \ .. 

y y, 1 , .y, 



• '• *• 






v •'/■ ■ ■ ■ y> vv,;• :; ' 


inflatable afterbody 


»;'• .. i % t / 


e 


vj;,Y■' v:-. !•* 

'v ir;:V? ; v;>V i-v'-'.y.v ; ’:V / ' - •/ V \ '/■ >.f 

‘ '•?, !>; » S.-:'", \ \ .^<- 

:. . •..'■• '*v v. , ... - • •. / ^ 

? • • 1 • * . »• |* .? . • . t V •• * •. * • •« ;*JT. V. 

, ‘.T. 4* ,V.‘ ‘ )ll- . J ' TO *%*:,'• ’ •' *• '.k \ 

„• Vs f . .. : ,a :.w ... r :;. 

V- ; "%.-Yy 

GLIDE LANDlNG , 'i>'y /V i'lrit" 


M*»l CAPSULE 


K».v#-V 

'■*: '• W. : ' / 




6 








V'.. 


v v- ; i .• ’i'., I 


,.v;4.- y- ' lV Y >, •.■ v . f ^ 

.. ;;:'v.V'-v.'v :A • ; . ;'•>. .;^L;,0-Sviv* . ■ '. - 


rr- Vy * .. * .»,* •• <v v-tv** 

I:ANdlNG' SY&TEMi , COOK 1 '' 



























SURVEY OF FRC RECOVERY RESEARCH - __ 

By H. M. Drake X65 84336 

Recovery research at FRC has, as indicated in the first 
chart, been concentrated in the areas of conventional air¬ 
craft, drogue parachutes and paragliders. Planned work in¬ 
cludes flight tests of lifting-body recovery vehicles and a 
lunar-landing simulator. 

The FRC research on landing of conventional aircraft 
will not be discussed here since it has been adequate reported 
in references 1 through 7. Thi3 work is continuing. 

The FRC has completed development and proof tests of two 
drogue chute systems, one for the Mercury capsule and the 
second for the B-58 escape capsule. Both programs utilized 
the F-104A airplane which is capable of launching up to 
1500 pounds weight at Mach numbers up to 2 at altitudes be¬ 
tween 30>000 and 50,000 feet. It can zoom, as shown'in the 
second figure, to release the store at altitudes as high as 
85,000 feet, but at lower speeds. The test conditions for 
the Mercury drogue are shown on the third chart and the test 
results are reported in reference 8. The B-58 escape capsule 
tests involved releases of a 630 pound capsule at a Mach 
number of 2.02 and altitudes of 45,000 and 31,000 feet. The ^ 

maximum q for these tests was 16 90 pounds per square foot. 

Tests were also performed at altitudes as low as 18,000 feet 
and a Mach number of 1.25* At present, no further drogue 
tests are planned. 

Although not the subject of the meeting, a brief descrip¬ 
tion might be given of the planned lifting-body program. The 
lifting-body program at FRC will be initiated by the con¬ 
struction of. several lightweight, full-scale man-carrying 
glider vehicles. These vehicles will have configurations 
which high-speed tunnel tests have indicated to be attractive 
for reentry. Configurations such as the .M2B, lenticular, 
and M-l-L are being considered. The low speed and landing 
characteristics of these lightweight (W/S 4-7 lb/sq ft) 
vehicles will be investigated in free flight following release 
from airplane tow. Later phases include the construction and 
tests of full-scale wing-loading vehicles of the more promising 
configurations. Tests at higher speeds with these heavyweight 
configurations may be performed. 



A word might be said here regarding the capabilities of 
launch vehicles at the FRC. The capabilities of the F-104A 
have been mentioned. This airplane is also capble of 
launching rockets of up to 1500 pounds weight at up to 90 ° 
climb angle, see reference 9. Two B-52 aircraft are also 
available, which are used for launching X-15 aircraft. 

These B-52 aircraft are capable of launching stores of up 
to 55>000 pounds weight and approximately 10 feet in diameter. 
The launch-altitude capability extends to about 50,000 feet; 
the speed capability is about 0.8 Mach number. In addition 
to the F-104A and B-52 capability, an A3J has been requested 
for FRC for another program. This airplane could launch 
stores of up to 5>000 pounds at the same conditions as the 
F-104A. 

Mr. Horton will discuss the current FRC paraglider 
program. 


REFERENCES 


1. Stillwell, W. H.: Results of Measurements Made During 
the Approach and Landing of Seven High-Speed Research 
Airplanes. NACA RM H54K24, 1955- 

2 . Matranga, G. J., and Armstrong, N. A.: Approach and 
Landing Investigation at Lift-Drag Ratios of 2 to 4 
Utilizing a Straight-Wing Fighter Airplane. 

MSA TM X-31, 1959- 

5. Matranga, G. J., and Menard, J. A.: Approach and 
Landing Investigation at Lift-Drag Ratios of 5 to 4 
Utilizing a Delta-Wing Interceptor Airplane. 

NASA TM X-125, 1959- 

4. Well, J., and Matranga, G. J.: Review of Techniques 
Applicable to the Recovery of Lifting Hypervelocity 
Vehicle. NASA TM X-334, I960. 

5. Matranga, G. J.: Analysis of X-15 Landing Approach 
and Flare Characteristics Determined From the First 
30 Flights. NASA TN D-1057, 1961. 

6 . White, R. M., Robinson, G. L., and Matranga, G. J.: 
Resume, of Handling Qualities. NASA TM X-715 f 1961. 

7. Matranga, G. J., Dana, W. H., and Armstrong, N. A.: 
Flight-Simulated Off-The-Pad Escape and Landing 
Maneuvers for a Vertically-Launched Hypersonic 
Glider. NASA TM X-637* 1962. 

8 . Johnson, C. T.: Investigation of the Characteristics 
of 6 -foot Drogue-Stabilization Ribbon Parachutes at 
High Altitudes and Low Supersonic Speeds. 

NASA TM X-448, i 960 . 

9. Horton, V. W., and Messing, W. E.: Some Operational 
Aspects of the use of Aircraft for Launching Solid- 
Fuel Sounding Rockets. Proposed NASA TN D-1279^ 1962. 
































ALTITUDE,, ft. 



►o 












r 



.Vwl 



> >i 


' 4 \ 







MANNED PARAGLIDER FLIGHT TESTS 



By 


Victor W. 


Horton 



The current interest in utilizing the paraglider concept 
as a means of effecting a soft landing for the Gemini capsule 
prompted the Flight Research Center to design and construct a 
manned paraglider vehicle with which to conduct a limited, 
qualitative research program. This vehicle differs from 
paragliders that individuals, Langley Research Center and the 
Ryan Aircraft Company have flown in that it is manned, un¬ 
powered and towed aloft for release like the conventional 
glider. 


The primary objective of the FRC flight test program is 
to demonstrate the approach, flare and landing capability of 
a paraglider vehicle with a high wing loading (W/S - 7 psf) 
and a low l/D (l/D ~ 2.5). 


To meet this objective, the faraglider Research Vehicle, 
PARESEV-l, was constructed in a manner to provide the maximum 
information in the shortest time. As you can see from the 
slide - (Slide of PARESEV-l) the design was simple and allowed 
for quick modifications if necessary. 

Comments: Wing Sweep Angle 45° 

Fabric Plan Form 50° 

Area - 150 square feet 
Fabric — Doped Irish Linen 
Battens — 2/side 
Rigid control linkage 
W/S - 5.55 

Control available o< 25 ±10 lateral * ± 15 

Two tow points — high and low, no noticeable 
difference so chose low one 
Wing attach point — 47.5$ of keel aft of apex 
Communications — FM radio 
Foot pedals for nose wheel steering only 

Automobile powered tows up to heights of 200 feet and 
airplane powered tows to altitudes of 2500 feet were made 
with PARESEV-l. Satisfactory landings were made from free- 
flight with estimated sink rates of 2-4 fps at touchdown 
attained. The rod control system has its inadequacies. 
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however, duo to flexibility in the system there was 
considerable response lan; and some question as to whether 
or not the amount of stick displacement corresponded to 
the proper amount of input to the wing. This, plus the 
inherent problems of being towed, resulted in major 
damage to the vehicle during checkout of a new pilot. I 
might add that the pilot was not injured during this 
incident. 

The craft was rebuilt find considerably modified to 
incorporate a cable and pulley control system and better 
shock attenuation in the landing gear as seen from the 
next slide. (Slide of PARESPIV-IA). 

Comments: Wing Sweep Angle 45° 

Fabric Plan Form 50° 

Area = 150 square feet 

Fabric 6 oz. unsealed dacron 

Battens — 5/side 

Cable and Pulley Control system 

W/S = 4.15 

Control available«=< 25° ± 10° lateral* 5 ! 7-5° 
Pivot Point ^ 47.5$ aft of apex 
Communications — VHP radio 
Foot pedals for nose wheel steering only 

This control system eliminated the slow response in that 
the response is now governed by the pilot’s ability to over¬ 
come the inertia forces. 

To date, PARESEV-1A has been flown numerous times by 4 
different pilots of varying backgrounds and experience, and 
the general concensus is that the craft maneuvers and handles 
quite well at a W/S of 4.25 and a L/D maximum of 3.8. 

At the present time, flight testing is being conducted 
at. a W/S of 6.3 and an estimated L/D of 2.9* This change 
in V./S and L/D was accomplished by decreasing the wing 
area from 150 square feet to .100 square feet. 

To obtain tho end W/S value of 7*0, the present plans 
are that additional weight will be added to the undercarriage. 

Flight data have boon obtained on PAKESEV-1A and is pre¬ 
sented on the next slide. (Slide of Longitudinal Performance 
of PARESEV-IA). 





Data points were obtained during stabilized glide by 
a relatively simple method. Altitude callouts were timed 
by stopwatch during descents of 2000' or more at constant 
airspeed. Angle of attack was obtained by measurement of 
wing incidence angle relative to fuselage and fuselage 
inclination (attitude). V y with this wing varied from 

16 to 33 fps with y's of 14.5 to 21.5° in the IAS range 
investigated higher airspeeds were not investigated due 
to high stick force. 

The next slide (slide of Predicted Longitudinal Per¬ 
formance of PARESEV-1B) shows the predicted performance 
of the PARESEV vehicle with a 100 square foot installed. 

Our designation for this vehicle is PARESEV-1B. Some 
preliminary results indicate an L/D of less than 3 between 
glide speeds of 50 and 60 KIAS. 

The last slide (slide of Control-System Force Gradients) 
shows a non-dimensional stick force plot against IAS. As 
indicated, the forces increase rapidly with deviations from 
trim airspeed. The upper dotted line shows how the force 
curve can be shifted by moving the pivot point forward of 
the cp. This could be done in flight, however, our vehicle 
requires ground adjustment prior to flight. The curve 
can be shifted downward into the push force region by 
moving the pivot point behind the cp. Push forces, however, 
were not considered desirable due to an apparent reduction 
in longitudinal stability. Bolt rope can also be used to 
adjust the pivot point-cp relationship. Increase in 
percent of bolt rope used moves wing cp aft. 

Stick position versus IAS is not shown, but is approx¬ 
imately linear and normal. 

The wing appears in flight to be exceptionally stable 
and not appreciably effected by rapid control inputs or 
turbulence. The lower fuselage response, however, is 
noticeable to the pilot and similar to helicopters, in that 
lateral and longitudinal motions involve linear accelerations 
rather than angular accelerations. Because of this it would 
seem that some stability of the lower fuselage or payload 
about the a.c. of the vehicle would be desirable for our 
vehicle and could be included in the design, such as a mem¬ 
brane between forward and aft keel cables to improve zero 
damping. 



.Respond to a control input is first noted by the 
undercarriage moving, followed by total vehicle motion. 

The vehicle possesses longitudinal stick fixed static 
stability. 'Longitudinal motions are highly damped In this 

canal (.Lon. 

The vehicle does not possess longitudinal stick force 
i-Uu.'\ lily, bunco dynamic motions have*not been investigated. 

In the stick fixed case, the lateral and directional 
’..•odes are statically stable and the dynamic motions are 
lightly damped. 

Oscillations have only been encountered as a result of 
external stunuli (turbulence; or tow ropo) and. result in 
coupled lateral-direct lower fuselage responses. Higher 
magnitude turbulence has induced coupled motions about 
all throe axis. 

More than 70 bindings have been made from stabilized 
free flight conditions. About To were from release altitudes 
of 100 to 300’ and 30 from releases above 1000 1 . Only one 
land Ins’- resulted in structural damage and this was due to 
v'laro being initiated at approximately the IAS for L/D 
max.;mum with the 100 foot wing. All other landings have 
been accomplished with less than 10 fps vertical velocity 
at touchdown and 75$ of these are estimated at less than 
[> fps by the pilot and observers. To achieve 0 . satisfactory 
flare, about 10-10 kts. above the IAS for L /D maximum must 
bo obtained prior to flare initiation. L/D maximum for large 
wing occurs at approximately T-2KIAS and IAS used prior to flare 
I nit. Latlou was TO to '35 MAS. For small wing, IAS for L/D 
maximum is estimated at IS KIAS and successful flare have 
boon accomplished starting from 60 to 65 KIAS. Excess energy 
is used to adjust flare rate during flare or to adjust altitude 
(second flare) after achieving zero vertical velocity. Approx¬ 
imate'! v p seconds elapse from flare initiation to touchdown. 
Only visual, perception of closing rate with labeled, surface 
hue boon used to determine l.larc initiation point. 

Towing tin.; PAKESEV is not a real problem but does require 
pilot .iPun;i. i. lari, nation with tow lino dynamics. 
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Under the present plans, due to manpower requirements 
for other projects, the PARESEV program will be terminated 
after the flight data are obtained with the PARESEV-IB 
configuration. However, if problems arise in specific 
areas where the PARESEV could be of benefit, the project 
would be revived. I might add that the knowledge gained 
from short-term, relatively inexpensive test programs of 
this nature cannot be over-estimated. 
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GEMINI LANDING AND RECOVERY SYSTEMS * 


R. Rose 
MSC 


X65 


Mr. Rose indicated that the Gemini project has the following 
requirements for a landing system: 


a) zero vertical velocity 


b) controlled;,descent with up-wind capability 

c) acceleration and forces at touch down in a known 

direction 

d) minimum volume and light weight 

e) water or land recovery capability 

f) landing device (paraglider with parachute back-up) 

must not hold up Gemini schedule 


Under the restraints noted above, the Gemini project office has con¬ 
cluded that the paraglider is the most feasible device for recovery. 


Operation characteristics of the inflatable paraglider are as 
follows: 


deployment at 55,000 ft with a q ■ 40 lbs/sq ft 


a glide angle of -17.5° with a forward velocity of 68 fps 
and a sink rate of 21 fps 


a pre-flare angle of attack of -1.5° witk * forward velo¬ 
city of 68 fps and a sink rate of 21 fps. Altitude for this maneuver 
is 390 feet. 


8 43 38 


At a flare altitude of 45 feet, the angle of attack is 8° with an 
increased forward velocity and sink rate of 96 fps and 35 fps respectively. 
Touch-down forward velocity is 68 fps with a vertical velocity ranging 
from 0-5 fps. Design studies Indicate the 510-lb paraglider has a 
down-range capability of 21 NM and an up-range capability of 16 NM from 
40,000 feet altitude in still air. 


* Based on notes taken during presentation of paper. 
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PRESENTATION TO NASA HEADQUARTERS 
LANDING and impact systems 


INTRODUCTION 

Manned spacecraft with a blunt, lifting body configuration, such as the 
Mercury, Gemini, and Apollo spacecraft, require an auxiliary landing system 
for successful completion of the mission and safe return of the crew. Land¬ 
ing systems with widely varied performance characteristics are presently 
available or in various stages of development. The primary consideration in 
selection of a. landing system for a particular space vehicle and mission is 
crev safety, or system reliability. Beyond reliability, the mission terminal 
flight plan will dictate the required landing system performance. For example, 
if the normal mission terminates with impact in water or an unprepared land 
surface, a near vertical terminal, descent is preferable, landing on a prepared 
land surface, on the other bund, leads itself to an aircraft type- flared land¬ 
ing, A degree cf gliding or range control then becomes necessary to insure 
landing on a prepared surface. (This does not necessarily mean that even with 
renge capability the best method of landing is horizontally). The impact shock 
attenuation requirements are likewise predicated on the type landing system 
selected, Basically impact rystoma can be broken down into two required typer.; 
one for high vertical rate of descent with wind drift considerations, the other 
for lower vertical rate of descent with a horizontn1 velocity. Basic consid¬ 
erations such aa weight, volume, deployment, stability, control, redundancy, 
and/or emergency escape, and complexity must also be evaluated in selecting a 
landing system for a particular vehicle. 
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APOLLO 


1. The Apollo is one cf the two Manned Spacecraft Center spacecraft pres¬ 
ently under development. The Apollo landing system requirements are generally 
as follows: 

a. A high degree of reliability, and a system that can be used under 
all flight conditions for earth landing requirements. This includes nor¬ 
mal reentry, maximum dynamic pressure escape, and pad abort. 

b. Stabilizes the Command Module during post-entry descent and re¬ 
duces the vertical landing velocity to $0'/sec at 'yOOO’ altitude. Hori¬ 
zontal drift due to wind not to exceed 30 knots. 

c. Reduces impact accelerations such that neither the Command Module 
structure or flotation is impared. Further attenuations to be by crew 
seat shock attenuation devices. 

d. Cystem to be compatible with the use of u moderate l/D teration• 
landing system such as a Parawing (this requirement war, later delated ante 

May Id, 1.9GP). 



The 

quirements is 

a. Descent System 

(l) System selection criteria 

The advantages and disadvantages for the selection of a 
cluster of three parachutes are shown in slide 1. The advanta¬ 
ges of a parachute cluster are as follows: it is within the 
state-of-the-art, provides excellent pendulum stability, pro¬ 
vides a high degree of reliability, very low weight and volume, 
is an easy way of obtaining redundancy, and it is a passive 
system. The only major disadvantages of a cluster is that it 
is notmianeuverable. For Apollo, the use of a single parachute 
would have required that it have a diameter of approximately 
1 ,?7'. Present state-of-the-art in parachutes have determined 
test parachutes of this size are difficult to fabricate. Large 
parachutes also present a packing and .installation problem. To 
provide redundancy, this would have also resulted in a heavier 
landing system and. requiring more volume than the selected 
cluster arrangement. 

(?) Deployment sequence 

Slides 2 and 5 depict the deployment sequence for the Apollo 
earth landing system. The sequence of events are the aft section 
Of the Command Module is jettisoned, a 13 * diameter drogue chute 
is mortar deployed, the drogue chute is jettisoned at a prede¬ 
termined altitude and the three main parachutes are deployed by 
mortar deploying pilot parachutes. The pilot parachutes then in 
turn pull the extraction chutes which deploy the main parachutes. 
The main parachutes are reefed for a period of six seconds prior 
to full inflation. 

( 3 ) Test program 

The Apollo earth landing system will be tested at El Centro, 
California. The test will be conducted utilizing a B-66, C-13O 
and C-153A aircraft. The B-66 aircraft will be utilized in test¬ 
ing the drogue parachutes. The C-13O and 133A will be utilized 
in testing the single main parachute and the complete earth land¬ 
ing system. The present status of the Apollo test program is 
that 3 tests have been conducted on a single 88* diameter para¬ 
chute to establish optimum parachute reefing parameters. It is 
anticipated that approximately 70 tests will be required for the 
development and qualification of the earth landing system. The 
parachute system flight envelope is probably best described at 
this point. 


system selection "by MSG 
as fol1ows: 
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Graph No. 1 gives the drogue parachute design envelope am 
is self explanatory. Normal drogue parachute deployment is 
initiated at ?5,00G feet. At a dynamic pressure of l40 psf, the 
Command Module is stabilized with the drogue chute descending to 
an altitude of 15,000 feet, where the main chute's deployment 
sequence is initiated at e. dynamic pressure of 64 psf. The 
drogue parachute has been designed to be capable of deployment 
at a q of 210 psf and at any altitude from 5500 ft to 25,000 ft. 

In the case of "pad abort", the drogue chute can also be deployed 
through this same altitude range at a minimum dynamic pressure 
of 10 psf. Graph No. 2 shows the design envelope of the main 
parachuter,. The main parachutes have been designed to be capable 
of being deployed at a maximum dynamic pressure of 90 psf at any 
altitude from 5500 to 15,000 ft and likewise, they are capable of 
being deployed at a minimum dynamic pressure of 10 psf. This low 
dynamic pressure could be encountered in the case of a "pad abort". 
There are some problem areas with this earth landing system which 
are anticipated although are not considered to be major obstacles 
to overcome. These problem areas are (l) the mortar deploying of 
all three main parachutes and (?) the effects of a malfunction of 
a single parachute on the other two parachutes. 

b. Impact System 

(l) System description 

Slide 5 depicts the capsule impact attenuation system. This 
consists cf Cl air oil struts for vertical attenuation and 8 alum¬ 
inum honeycomb double acting struts for horizontal attenuation. 

The oil used in the air oil strut is Oranite 8^15 * The total 
stroke of the air oil strut is approximately 12". The aluminum 
honeycomb strut has a stroke of approximately 4". 

Slide 4 shows the attenuation system U 3 ed for the individual 
crew seats. This consists of 4 honeycomb shock struts for verti¬ 
cal loads, two honeycomb struts for horizontal loads and two honey¬ 
comb struts across the chest. The aluminum honeycomb struts are- 
designed to control the "g" buildup. 

(?) Design consideration 

The known safe human tolerances are shown on graph no. 5 . 

This impact attenuation system is designed for the following nomi¬ 
nal conditions which are within the safe zone. 

5 chutes out - vertical rate of descent ?5 fps 
horizontal rate of drift 50 fps 

Max si ope of 5° at impact 

Allows 20 g's vertically; 10 g '.3 horizontally at 25 0 
g ’ ;/second. 
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Design emergency conditions: 

2 chutes vertical rate of descent JO fps 
horizontal rate of drift JO fps 

Max slope of 15 ° at impact 

Allows 40 g’s vertically; .10 g's horizontally 
(3) Test program 

Present plans call for impact tests utilizing a full scale 
boilerplate Command Module. These tests will be conducted at 
NAA on a test rig presently under construction. This rig will 
not be available until probably January 1 , 1903 * 

To reduce the number of boilerplate impact tests, a 1/4 
elastically scaled model program will soon start at LRC. This 
model has a scale strength heat shield and strut attenuation 
system. This model will 'be tested on sand, hard surface, and 
v;ater to determine the dynamics and acceleration loads. 

The difficulty with an active system is the somewhat lower 
reliability because of the operation of additional mechanisms 
which have to be employed in releasing the heat shield. 

Another problem would be the necessity to choose between 
having a deployed or nondeployed impact system when landing in 
water. For instance, with the proposed Apollo system, there is 
a great possibility that the heat shield, if deployed, may dig 
into the water causing severe capsule motions. 


CURRENT ADVANCED LANDING SYSTEMS STUDIES 


1 . At this point some of the programs which are presently being conducted 
by Manned Spacecraft Center in support of both future spacecraft and Apollo 
should be described. 

2 . The first program is the development of a parachute known as the Glide- 
sail. This program is being accomplished by Northrop Ventura and has as a 
primary objective, the development of a gliding parachute having an b/b of 
approximately 0.7 to 1 and which can also be controlled directionally. 

3 - It is realized that the performance goals for a parachute of this na¬ 
ture would not provide a range capability but would allow avoidance of local 
obstacles and partial!y alleviate the impact attenuation problem by being able 
to overcome wind drift. The present status of this program is as foil own: A 
wind tunnel test program has been completed by Ames Research Center using l8* 
diameter parachutes in the 40 * x 8C wind tunnel; the results of the wind tunnel 
program have been verified by drop tests of both 63* diameter single and 3 chute 




o . u-Tfr 1 : -i. Centro, California; preliminary drop test data have verified the 
vino tun: • ' re :u. ts which indicated a maximum L/D of approximately .y to .7. 

T: ■ I. s ; ragr-m is sciiodu 10b for completion in early October. 

I. J'V," second program eonai r.ts of an in-house development of a si.ml i.ar 
gl ld».i.l ■» ;■■. rneJir !,e for descent and incorporating a landing rocket f\ r attenua¬ 
tion. air- drop tests of the parachute, without the landing rocket, and static 
fi rings of the rocket motor have been completed. The results of these tests 
have shown the feasibility of' a controllable parachute retro rocket earth land - 
system; therefore, f r drop tests of the complete system utilizing a C-VI/y 
airplane will be conducted at Houston in the near future. 

A third program in the development of a deployment technique for the 
i'arapl Mer. A rev's a. of aU the work be in/’ accompli shod on Parag I :i dors, in¬ 
dicated para(;l idor deployment wan one of the major problems to be solved before 
it could be used an an earth land irig system. A joint program with T..RC has been 
initiated, to investigate pa raw.i deployment. Tarrgley will conduct the tests 

using the 19* transonic tunnel util is/, ing elur.ticul ly and dyrcimic real 0 models. 

It is believed this program can contribute significantly to developing a satis¬ 
factory means of paray!ider dcploymont. 


RJTURE PROGRAMS 

; . The Landing and impact fy stems ‘>1 ct-ion have a number of future programs 
pi mined which ewer various a reus that- arc not presently being investigated. 
These programs are: 

a. The development of a chute with an I./!) greater than one. 

b. The (levelopment of a landing rocket for attenuation of Apol Io size 
space c mft. 

e. The devo 1 opinont of large single parachutes capable of recovering 
spacecraft weighing :0,000 pounds. 

d. Development of drogue parachutes in sizes approximately 1 to "Hi' 
in diameter which can be deployed at MucJ:i numbers \jp to ;? at an altitude 
of 80,000 feet. 

e. Investigate the feasibility of ejection seats .for spacecraft. 

f. The development of an altitude sensor to be used in conjunction 
with the landing rocket. 

g. The study of soils as they apply to impact attenuation and its 
effect on the dynamics of the spacecraft. 


h. The development of a rotor landing system. 
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1. I he programs are readily understood, however, a. few comments are cer- 
relative to the last program pertaining to rotors. 

i. LRC as well as the other NASA centers have programs investigating every 
facet of the parawing and the parachute. Little or nothing has "been accompli?Leo 
on rotors, however, theoretically, from a performance standpoint, the rotor sys¬ 
tem can provide a touchdown capability of near 0 vertical and horizontal velocity. 
It is intended that this program be accomplished as a joint effort with the Ames 
Research Center. 


RECOMMENDATIONS 


1 . It is interesting to note the number of NASA centers which are represen¬ 
ted and the general interest which is now being shown in landing systems. The 
problem of developing any earth landing system is a mammoth one and requires the 
complete cooperation of all the NASA organizations. It appears that a landing 
system committee should be established with a possible member from each center 
and headed by a representative from NASA Headquarbers. In this manner, duplica¬ 
tion of effort could be avoided. This, in turn, would reduce new landing system 
development time and cost. 

?. I do not know what is the best landing system. It is certain that para¬ 
chutes for the time being are the most reliable and probably the best known. There 
is considerable effort being expended in the development of the parawing, however, 
NASA needs to look toward the future and develop some other system that would over¬ 
come the deficiencies of the parawing and the parachute. The selection of such a 
system probably could best be accompl ished by this pro posed committee. 
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JPL Requirements for Spacecraft Landing and Recovery 


Research and Technology 

Notes for the OART Sponsored Meeting at NASA Headquarters 

10-11 July 1962 


Prepared by E. Pounder, E. Framan, J. Brayshaw 


A. Introduction 
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The Jet Propulsion Laboratory is engaged in the design, manufacture, 
and operation of instrumented Spacecraft for NASA's Lunar and Planetary pro¬ 
grams. In this capacity, the Laboratory has current interest in the landing 
and recovery field in two areas: 1) the return of small probes from the 
lunarsurface and, 2) the entry of Instrumented probes into planetary atmos¬ 
pheres and operations using these probes near and on the planet surfaces. 

At the present time there are no active projects for lunar return 
packages; however, some study work has been completed. It is clear that 
the search aspects of the problem are the only ones unique to the lunar 
return mission; the return guidance will require a search area of about 
1000 x 2000 km, and the size of the capsule will preclude any but the most 
rudimentary on-board equipment. 

The planetary program requires flights to Mars and Venus at each 
opportunity. The planning calls for entry attempts to be made as soon as 
adequate payload is available, and it is now believed that this will occur 
during the 1965-66 period. 

The recovery and landing aspects of the designs are of utmost 
important, and are being considered in the studies. It is our opinion 
that the Laboratory will do very little in the in-house development of 
these systems, but will depend heavily on the other NASA centers and in¬ 
dustry. 

The following is a brief set of notes outlining the problem as ' 
we see it. The first section describes mission criteria, the second 
restraints, and the third lists major areas where R and D effort needs 
to be applied to obtain the best chances of success. 


iii) If possible obtain data on planetary parameters - 
rotational rate, pole inclination, surface 
magnetic field, etc. 

iv) Make near-planet particle and field measurement, 
b) Mars 

1) Do biology experiments on the surface, 

ii) Investigate the atmosphere, 

iii) Investigate physical surface properties. This 

might include local mapping, surface constituents 
seismology, etc. 

iv) Near planet particles and fields. 

C. Planetary Mission Restraints. 

Many restraints can be written down for spacecraft design, but the 
ones listed here are prime for the planetary missions and must be carefully 
considered, both technically and economically. 

1) Environment - In addition to the space environment considered 
for earth satellites, the change in heliocentric radius during 
a mission adds considerable complication to all systems. Also, 
the planetary environments contain many extremes and the models 
are based on a very small amount of information. The result 

is that the design problems are unique and difficult. 

2) Infrequent Opportunities - 19 months for Venus, 25 months 
for Mars. 

3) Dual Planet Capability - The general requirement for main¬ 
taining as much standardization in subsystems as possible 
is recognized as being most Important. It is expected 
that the entry capsules will differ more than the space¬ 
craft, but the Spacecraft-Capsule interfaces will certainly 
be as uniform as possible. 

4) Reliability - The Important items are: 

a) Long lifetime - Mission durations of 120 days for Venus 
and 230 days for Mars are typical values. Subsystems 
which must work at the planets must also be "storable" 

in space for this period of time. Simplicity, redundancy, 
margins of safety, etc., must be carefully integrated into 
the effort. 

b) The systems developed must be as "testable" as possible 
both in a development and qualification sense. 

5 ) Sterilization - This will be a hard requirement for both 
planets, with most emphasis on Mars. Current JPL specs, 
call for heat sterilization (type approval) consisting 
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t three cycles, each 56 hours at 145°C, It iz require.*, 
hat t ■■ n n-, >'edur -e applied to the completely assembled 
ntry -prions require a comprehensive demen- 

-ati -r> ■-.-r iitnt capability 

D. R & D Requirements 

In considering pc. >Le designs to meet the above requirements, 
certain *raes for R and D effort have become apparent. Those pertinent to 

recovery and landing are seed. 

1. Retarnation systems for Planets. 

.■/ i i; £v 

'y- x Ment Mach Numbers for retardation systems 
■ J need to iM increased to the highest possible value . 

This appears to be especially critical in the Kars 
situation because of the large acale height and low 
iJpMHSpheric density. 

b) ^-|p»terials for high temperature operations (Venus, - 

'Sterilization compatibility need development He 
vacuum storage must also be understood. 

c) The entry environment inposes a high ’ g" • s: , t 
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maximum speed -onsistent with known (tested) decei 
strength, stability, and heat resistance, 
c) The above functions will certainly introduce comp!** 
not suffered by the present simpler sensors si.ch as 
acceleration and pressure sensors, but such comp 1 e.v t; 
will undoubtedly be worth the performance gains. M 
Mars, for instance, altitude gain may be a factor of 2 
over that realized by the simpler system’s ai<-mpting 
provide safe deployment conditions over a wide spread 
in possible atmosphere properties. 

3) Development of Balloon Systems. There are two major reasor 
fpr considering balloon systems. 

/f 

‘ > To allow extended observation time under scat specific 

set of conditions (constant altitude, for example), 
o) To provide time for an Earth controlled landing sire 
selector maneuver. The reaction time for the simplest 
form of Earth based selection is probably of the order 
of one hour. 

Balloon schemes are most certainly considerations t'c -■ 

(not Mannar 1 *, but in our opinion require extensive ;e 
meat. They appear tc be heavy, fairly complex, an J V 

the benefit of much real experience in terms of e u 

control flight deployment, vacuum storage, etc. 

4) Landing Guidance and Control. 

The landing problems ere not unique to the pi .mefr- 
«» s ic-s l> the slakes may be nigher then for «« Inst 
ented probt In the earth’s atmosphere. Problems a/uc-u 

.** > s in sir» selection •• Tais trea ts detection of * • 

■-i%Ti th r.u% . t prop^ ~L .es as opposed t.. 

•le. ;i v:lc wouid certainly depend or as*- » 

o • i vs . vita! control There ' re o./;> v - 

• lai 1 • r v .mar problem. The wain ’ 

. ,er cotmnun c . r t on times 
’ '*u« - • i es »nd tne desire to 

. e - sveess of biology -•xper.. 
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of a planet has many lnh«rant problems. It is fortunate 
that In this process one can probably draw on the experience 
gained from the lunar programs. Techniques Investigated for 
lunar missions Include rocket landings (Surveyor) and crushable 
structures (Ranger). The vehicle should be designed on the 
basis of no site selection since a partial failure of site 
selection guidance should not cause mission failure. Other 
problems to be investigated include release of the retardation 
system after impact, accounting for both axial and transverse 
approach velocities, and the effects of any landing mechanisms 
on the entire system and its operation (i.e., communications, 
science). 

6) Post Landing Orientation and Survival 

a) Reorientation methods will be largely dependent on degree 
of landing guidance accuracy, i.e., minimization of drift 
and impact velocities. 

i) For the case where these velocities are appreciable, 
the vehicle should be designed to tumble passively 
with minimum absorption of lateral momentum. When 
motion has ceased, orientation may be achieved a) 
wholely within the envelope of the vehicle, say by 
gravity or optics, in which case minimum expended 
energy and all orienting mechanisms are protected 
from the environment (heat, blowing sand, wind), 
or b) by actively altering the surface of the ve¬ 
hicle to produce torques tending to right the ve¬ 
hicle; however, these devices (legs, spring, drag¬ 
lines) have been exposed to impsctr injury and con¬ 
tinue to be subject to environmental influence. 

Energy expended is greater since entire system 
may be lifted. 

ii) For the case where precise landing control is 
available, orientation devices may be deployed 
before impact (legs, grapnels, attitude feelers, 
etc.) with lesser chance of damage. 

b) Survival will require, in any case: 

i) Thermal protection from solar or surface and 
atmospheric heating (cooling) 

11) Mechanical protection against winds, dirt, (humidity), 
attitude control with respect to local surface, 

iii) Location of Earth Direction (coamunlcatlon to Earth) 
(omni-directional comnunication to an orblter) 
lv) Location of landing site on planet (astronomical 
observations). If an orbiter is available it may 
geographically locate the lander's radio signal. 

In addition, it would be most helpful if efficient 
schemes for extracting electrical energy from the planetary 
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environment could be devised. Possible sources might be 
flight kinetic energy, surface winds, diurnal temperature 
cycles. Any useful developments in this area will probably 
have to await results from initial entry capsules. 

7) Testing Techniques 

One of the most significant tests which can be performed 
on planetary entry vehicles is a simulated entry on Earth of 
a conqalete system under controlled conditions. The objectives 
of such tests are to observe the operations of the system 
throughout the conditions of peak heating and loads, retarda¬ 
tion, landing, etc., and to do this early enough before the 
flight to permit the addition of any reliability measures. 

Flight tests of this type involve a great deal of effort and 
dollars. It is therefore proposed that the following be studied: 

a) How would tests of this type be performed? Can all factors 
be investigated in one flight or must they be broken down 
and performed on several flights. 

b) How many flight tests per mission function and/or per 
mission would be necessary. 

c) In performing such tests, how much of the actual flight 
mission is compromised by: 

i) Splitting up the test in functions, 
ii) Fitting the entry vehicle to a different booster, 
ill) Instrumentation. 

iv) Is the knowledge gained from the tests worth the 
cost and effort of performing them? 
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JPL ACTIVITY IN RECOVERY FIELD 


Part of the Mariner mission consists of the entry capsule, split 
off a flyby spacecraft, into a planetary atmosphere. This atmosphere- 
measuring probe was the first recovery problem faced by JPL. (Lunar 
landing by retro rocket has previously been studied here for Ranger.) 

Early work on recovery has been in the following categories: 

1. Re-entry to Impact Trajectory Studies - Parametric study, 
assuming ballistic entry, translational motion only, and 
drag a function of Mach number. Parameters varied are: 

a. Entry conditions (path angle and velocity) 

b. Atmosphere density profile (since there is consider¬ 
able tolerance in existing knowledge) 

c. Capsule ballistic coefficient 

d. Parachute deceleration with varying sequences 
opening at various flight conditions. 

It has been found that all the above effects Influence the 
usefulness of a recovery system in meeting mission objectives, 
such as descent time and atmosphere depth to be sampled 
during this time. 

2. Optimum Design of Parachute System for Planetary Missions - In 
order to determine a) the effects of (1) the general design 
and fabrication of parachute systems for the planets and b) 
the extent to which current parachute capabilities permit maxi- 

i 

mum utilization of available variations in entry parameters for 



entrancing mission performance, a study contract has been let 


to a firm specializing in recovery technology. 

3. Landing Impact and Reorientation Studies - 

a. Experimental and theoretical Investigations into 
the properties of crushable materials for impact 
energy absorption. 

b„ Preliminary studies on weight, efficiencies of 
some orienting devices. 

4. Recovery Study Based on Specific Hardware - 

As a part of a JPL‘funded study to establish the over¬ 
all suitability of the Discoverer vehicle for Mars atmospheric 
entry. General Electric MSVD made recommendations of a para¬ 
chute system and deployment method. 


References: 

1. Mariner B Study Report, Technical Memorandum 33-34, Jet Pro¬ 
pulsion Laboratory, Pasadena, Calif., March 1961 CONFIDENTIAL 

2. Mariner B Capsule Study, Mars 1964 Mission, Engineering Plan 
ning Document 79, Jet Propulsion Laboratory, Pasadena, Calif,, 
April 20, 1962 

3. Parachute System Study, Statement of Work 2843, Jet Propulsion 

Laboratory, Pasadena, Calif., April 25, 1962 

4. Suitability of Discoverer and Nerv Entry Vehicles for Mars 
Atmospheric Entry, JPL Contract 950226, General Electric Co., 
Philadelphia, Penna., April 30, 1962 

5. Evaluation of Certain Crushable Materials, Technical Report 
32-120, Jet Propulsion Laboratory, Pasadena, Calif., 

January 13, 1961. 
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LANGLEI RESEARCH EFFORTS ON RECOVER! SYSTEMS , 

hy A, I fijtth*ur± ^ 

The only highly-developed recovery system available at present is ^ 

a parachute system, such as for project Mercury. This may have to be 
used again, either as a primary or at least as a back-up system. Hovever, 
an advanced recovery system capable of maneuverability is urgently needed 
and such a system should desirably provide near-zero vertical velocity 
and depending on trade-offs Involved, low or near-zero horizontal velocity. 

The first slide summarizes Langley's research efforts on recovery 
systems. Most of the effort to date has been on the parawing, which 
combines the atew ability and light weight of a parachute with flight control 
and flared landing capability of a conventional wing. The results obtained 
in the various research areas will be discussed in five papers. 

Some effort is now also being made on rotary-wing recovery systems. 
Performance and other characteristics are available from helicopter 
research; a current effort which will be discussed in a paper today deals 
primarily with deployment and dynamic stability. 

Work has also been dpne at Langley on decelerators at both supersonic 
and subsonic speeds. Results of wind-tunnel investigations on decelerators 
at supersonic speeds will be summarized in a paper today. Although not 
discussed today, brief low-speed drop tests have also been made of 
inflatable devices which were dropped from a helicopter and successfully 
filled with foam in flight to provide drag in the air or to provide 
buoyancy after landing in the water. 

A paper will also be presented on problems associate with energy 
dissipation upon ground impact in the r®covery of space vehicles. 





Some miscellaneous work which is not' covered in the talks and which 
has been given only little effort deals with guided parachutes and with 
retro rockets in conjunction with a parachute. Use of these devices is 
depicted on the next slide . 

Use of a flapped parachute, or of a cluster of parachutes with 
inflated rings gave an L/D of approsimately 0.5. The flapped parachute 
h/D was limited by collapsing of the forward edge of the chute skirt; the 
L/D of the clustered chutes appeared to be limited by the drag of the rings 
which were perhaps larger than necessary. Retro rockets in conjunction 
with a chute, although giving no glide capability, provided near-zero 
touch-down velocity in vertical descent. 
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SUMMARY OF STATIC AERODYNAMIC CHARACTERISTICS OF PARAWINGS 

By William C. Sleeman, Jr. f Delwsin R. Croom 
and Rodger L. Naeseth 
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This presentation will summarize some of our recent work on' r 'thV S'tatfi 

aerodynamic characteristics of parawings. It appears advisable to acquaint 

< 6 ? 

you with some of the terminology used in this presentation and several that 

. .. „» 

will follow, so we wi 11 go to the, f i rst slide. 


SLIDE 1 


This slide shows a typical parawing with a conical shaped canopy. The 
leading edges and keel may be rigid or flexible members and the wing may or may 
not have a spreader bar to hold the wing sweep angle fixed. In this talk, and 
others, reference is made to the flat planform sweep and the dotted lines in the 
lower figure show the flat sweep. In constructing these wings, the fabric for 
the canopy is cut to the desired flat pattern sweep. When the sweep is increased 
to the flight sweep, two lobes are formed which have approximately conical shape 
in flight. The aerodynamic coefficients are based on the area of the flat 
planform and the keel length. 

In some cases, flutter of the fabric at the trailing edge has necessitated 
the use of a bolt rope in the hem at the trailing edge as shown here. 


SLIDE 2 


The next slide summarizes some of the most important beometric parameters 


that we have investigated on parawings. 
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(Read from chart) 

We are not going to talk about all of these items but we have selected 
several to illustrate the type of work that we are doing and to indicate the 
present state-of-the-art as regards maximum lift-drag ratios. 

SLIDE 3 

Let us now look at some familiar aerodynamic parameters. The next slide 
presents the lift-curve slope and C|_ max as a function of flight sweep for a 
45° flat pattern sweep. These results were obtained in a systematic planform 
study in which wing sweep was the primary variable on wings having rigid members. 
The little sketches show that as the sweep increased, the height of the lobes 
of the canopy increase. 

The experimental and theoretical lift slopes are seen to be in very good 
agreement. The maximum lift coefficient for 50° sweep was about 1.1 and it 
decreased with increasing sweep. CL max was not determined for the higher 
sweeps because C|_ was still increasing with up to = 55°, which was 
the limit of the test setup. 

SLIDE 4 

We go now to maximum lift-drag ratios obtained in the same planform study 
and the next slide presents the variation of L/D max with sweep angle. Experi¬ 
mental results are shown by this curve and the dotted curve indicates an estimated 
upper bound, using theory for a conventional flat wing and an assumed skin fric¬ 
tion drag of .013. We see that there is a considerable gap between the experi¬ 
ment for conical canopies and the theory for flat wings; and we will spend some 
time discussing why these differences are shown and how we might be able to 
raise the level of the experimental data. 



We have not indicated a theoretical estimate for conical shaped wings 
because the lift-drag ratios are greatly influenced by several design factors 
other than the wing planfcrm sweep and aspect ratio. Of course, as for conven¬ 
tional wings, the wing sweep and aspect ratio are among the most important 
factors, but for flexible wings, the canopy shape can be of equal importance 
to these primary variables. Other important factors affecting (*-/D) max are 
the wa / the fabric is attached at the leading edge, the leading edge s'ze and 
shape. We will discuss, these effects briefly, bun first 1 would like to poi^t 
out that we 3'e discussing wing-alone characteristics and t..e lift-drag ratios 
will be reduced by the addition of a payload and its connecting members. The 
amount of thi 5 .reduction in L/D will, of course, be a function of the v;ing 
’oading or relative size of the payload and wing. 

S LIDE 5 

The next slide shows the importance of the details of the seading-ecige 
geometry for a 55° swept wing. Let ! s consider first, the effect of leading-edge 
diameter. This curve shows that reducing the diameter .-from 7-percant kee 1 to 
1.5-percent kee* increased the from 4.6 to 6 . 3 . Next, let's look at 

the effect of how the fabric is attached to the leading edge. This is shown by 
the shaded symbols which show both the and how the fabric was attached 

for a leading-edqe diameter of 7-percent keel. Here wc see that the L/D can 
bo inci rased from about 3.5 to 4.6 oy moving the fabric attachment from the 
bottcm to the top of the .eading edge. 



These results i not cate therefore that to get the best 1>/D max t you want tr 
minimize the leading-edge diameter and have the fabric attached at the top of 
the leading edge. Now, if you can't minimize the circular diameter for structural 
reasons, trie, perhaps an airfoil shaped leading edge could be used. The plot on 
the right shown hew L/D^x varies with airfoil thickness ratio on the leading 
edge. The value of t/c * 1.0 is the 3-percent circle shown on the left-hand 
plot. In these tests, the thickness remained constant (3-percent keel) and the 
chord wes increased to obtain this variation of thickness ratio. These results 
show that the use of an airfoil section at the leading edge can provide gains in 

^/®max• 

SLIDF 6 

Let's turn now to another facet or our systematic pi an form study i- -.onnection 
with lift-drag ratios. The next slide shows the effect of flat pattern sweep for 
a given flight sweep of 60^". We see that the lift-drag ratios show a consistent 
decrease as the canopy lobes become larger. Or.e of the main lccsons for this 
decrease J n L/D is-that as the wing surface becomes more and more conical, 
the wing has ;rore twist across the span, and the twist may amount to as much as 
40° or 50° washout. This very high tv/ist can cause the tip sections to carry 
negative lift at low and moderate angles of attack, which would cau*e high 
induced drag. Here, we see that the wing having the highest L/0 has the least 
twist and perhaps we could approach the ideal curve for L/D max shown previously 
b/ making tne w»ng flat. This would be fine, but we would be back to a conven¬ 
tional wing requiring a heavier structure. Some of our latest work has been 
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<\ recced toward optimizing L/0 on flexible wings bv using wina canopies 
formed about a cylinder with its axis parallel to the keel. - 

SLIDE 7 

This photograph shows, one of these wings in the wind tunnel. The scmitar- 
shapcd leading edge gives the same fabric height at the leading edge as at the 
trailing edge and the wing consequently has no twist or camber across the wing 
span. These members were: used for expediency ir* the tests to hold the wing 
sweep fixed, in place of the more commoi spreader-bar installation. The forces 
on these members was substrarted out of the data. Our next slide presents data 
for this wing, and others, and irdicatec ‘he present state-of-the-art as 
regards L/D. 

SLIDE 8 

Here we have summarized measured lift-drag ratios f or flexible parawings 
having both conical and cylindrical canopy shapes. This curve shows that an L/D 
of approximately 6 can be expected from an aspect-ratio 2.8 parawing having a 
conical canopy. The use of cylindrical canopy or. this wing planform increases 
the maximum lift-drag ratio to a value of 10 . 

Now, a more obvious means for increasing L/0 would dc to increase the aspect 
ratio, and results are shown for an aspe.ct-ratio-C parawing with the two canopy 
shades. I’ere we see that increasing the aspect ratio from 2.8 to 6 for the 
conical canopy produced an increase in (L/D) mgx from a value of t> to 3 value 
of 8. And then, going from the cor.ical to the cylindrical canopy with the aspect 
ratio-6 wing gave a maximum va’ue of lift-drag ratio of 14. 
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We would like to point out that .to particular planfoim shown here should be 
considered the optimum parawing because for some applications, the L/D at high 
lift would be of greeter importance than t..c maximum value of L/D, Tor example, 
the conical canopy provides higher L/J at high lift because the washout alleviates 
the tip stall. Our work on high performance parawings will be continuing in 
efforts to extend the L/D envelope in this direction (up and to the right). 

In the selection of a wing configuration for a particular application, other 
factors such as structural weight trade-offs and complexity'have to be evaluated 
in addition to the aerodynamic characteristics. So.’o of these structural loads 
considerations will be discussed by Hr. Taylor in one of the following talks. 

SLIDE 9 

Let's turn now from the subject of lift-drag ratios to other: phases of 
our work on parawings. The next slide presents some typical lateral stability 
characteristics obtained in the wing planform studies. Inasmuch as the center 
of gravity for parawinq applications is located a considerable distance below 
the wing, the moment reference for these stability parameters is positioned as 
shown. 

These da^a are presented for the purpose of indicating ne magnitude of 
these lateral derivatives throughout the sweep range. The importance of these 
derivatives will be discussed later in the presentation by Mr. Johnson. 
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SUDE 10 

Let '5 now consider a factor more akin tc the seilmaker's art than wind- 
tunnel aerodyr.ami c*-, but nevertheless of importance in the overr.: 1 problem of 
obtaining a satisfactory canopy for a parawing. The next slide shows the effect 
of orientation of the fabric weave on the canopy shape. 

These views were taken from a wind-tunnel study of identical wing planforms 
In which the only variable was fabric orientation. Straight-1 ir,e grids were 
d.awn on the flat pattern of each canooy and photographs were mode at each test 
argla of attack. There was little difference in the aerodynamic characteristics 
but we see: that the canopy in which tne warp was arallel to the trailing edge 
had a smooth shape throughout most cf the angle-of-attack range. 

When the threads were run parallel to the keel, however, the canopy had 
an appreciable bulge in this area because the threads from the tip, rearward 
were not attached to a structural member. At low angles of attack this model 
had appreciable trai1ing-edge flutter and the first canopy was torn in shreads. 

We have always made our canopies with the weave running parallel to the 
failing edge and you may wonder why wer have brought up the subject of fabric 
orientation. Weil, most of the models we have received fom contractors have 
had the fabric weave running parallel to the keel and we have encountered the 
same fabric distortion and tra i iing-edge flutter. Iidications are th«. the fabric 
distortion ".on cause travel Ting waves in the canopy that start near the apex and 
move rearward. This could cause troublesome variations in control force at a 
given trim lift. 

Out experience has beer, si’bstantiabed in work the Ryan people have done on 
the cowered test vehicle. After installing tneir second canopy, which had the 
weave pareiit! to the keel, they had to irstall a boltrope and several batters 
in the rear part of tire canopy to stabilize the fabric distortion. 
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S L1DE 11 

Now, on some o f cur models, particularly those wit'i flexible leading edges, 
we have found the use of a trai1ing-edge boItrope desirable. The next slide shows 
the effects of boltrope length on pitcr.ing moments and lift coefficients. For the 
0-percent case, the boltrope length is equal to the length of the fabric trailing 
edge. The other curves are for the boltrope 2-percent and 4-percent shorter thar 
the trai1ing-edge length. 

Pitching-moments are presented about a moment reference on the wing keel 
fiO-percent back from the apex, and we see that shortening cite boltrope gives 
-a fairly constant increment of C ;i and through most of the angle-of-attack 
range. These characteristics suggest that varying the ooltrope length may be 
rn effective means for longitudinal contro’. 

SLIDE 12 

Thus far, we have considered only the characteristi.s of the wing alone. 

The next slide shows some longitudinal characteristics ir> pitch of a complete 
configuration in which an inflated tube parawing is used in the recovery of 
the Gemini capsule. In these tests the capsule was mounted to a sting support 
through a six-comprnent strain-gage bal mce. The wing was rigged for two 
different flight conditions, based on a irodynamic characteristics obtained 
from our general parawing research prog-a.n. For these tests, the wing was in 
flight, and its attitude and position were determined by the dctocl^riamic forces 
on the wing and the restraint of the caile rigging. 
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The glide configuration was selected to trim the configuration near 
L/D max with the capsule at an angle uf attack of 16° and the wing at 20°. 

In the rigging for the landing configuration the front cable was lengthened 
and the-wing rotated to an angle of attack of '+5°. The capsule angle for 
the landing is 0° to enable the capsule to touch down on skids. 

We see t^at the estimated rigging for these conditions produced approxi¬ 
mately the desired trim angle of attack. The life-drag ratios are low, mainly 
because of the large diameter inflated tube leading edges used. (L/D) max for 
the wing alone was about 3.^. 

We would like to point out that these results are apr>!icable only at the 
trim conditions because, in order to change the lift coefficient a different 
rigging would be required. We ..re not certain of the significance of these 
results, such as the break-in pitching moments below ♦rim. If chese moments 
are indicative of the flight vehicle, then we may have cause For concern; however, 
our flight testsof inflated tube models have not indicated difficulties in 
this area. 

We believe that there are limitations in static wind-tunnei tests of this 
nature and more -work is needed to establish proper testing technicjes to provide 
static date chat can be properly interpreted. 

CLIDE 13 

In the design of the Gemini recovery system, estimates had co be made of 
cable tension loads in order to size the cables properly. It would appear 
desirable to rig the wing so that the cable loads were more or less equally 
distributed. Now, these estimates involve assumptions and uncertainties and 
it was desirable to get an experimental .-heck on these cable loads. 



10 ' 


The next slide presents some cable tension loads ir. terms of the percent 
of total look . : or each cable. Data are shown for the landing configuration 
where the loads were the highest. We see that the loads In the cables going 
to the center keel were about the same at the dfr ign capsule angle of with 
the lines going to the leading edges carrying a so iewhat higher percent of 
the load. 

For angles below the design point the diagonal line tends to go slack and 
for angles above 0°, the diagonal loads up rapidly ar.d the front line tends 
to go slack. 

These data are b-iie\ ->d to be subject to the same limitations mentioned 
in connection with the previous slide with regard to tunnel test technique, 
toe believe, howevei , that, these results are useful in evaluation cable loads 
for the design point and furnish a valuable reference for assessing the 
estimated loads, i would also like to mention that when we resolved these 
loads into lift and drap components and computed the summation of pitching- 
moment contributions, we got excellent agreement with the results Dresented 
in the preceding slide. 
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CONCLUDING REMARKS 


I believe that we should bring th.s pres '■tatior to a close now with 
a brief recall of sewre of the salient points covered. First with regard to 
li»*--dras ratios: 

(a) In addition to the expected effects of vj ! • ^ aspect ratio and 
sweep on (l-/D) max , the canopy shape i-as found to have a 
fi"st order effect on this parameter, also. 

(fc; The details of the fabric attachment and loading-edge size 
and shape have an important effect on (L/D^,,^, : 

*c) Lift-n.Vag ratios for a lau-aspect-raiio oarawing can approach 
closely those of a flat w*ng of the same aspect ratio if an 
jo%wisted cylindrical canopy shape is used. (L/D) roax = 10 
for aspect ratio 2.8. 

'd) A value of (L/D) of was obta.neu with an aspevt-ratio-6 
max 

pa;awing having a cylindrical canopy. 

Next, the fabric orientation was shown to be important; for a smooth 
canopy contour, the weave should be parallel to tie tre.ling edge. 

And finally we discussed sone andel tests results of the Gemini -on- 
figuration acra pointed out s<vne limitations of static wind-tunnel tests for th 
type of cable-supported configuration. 
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UtrtHnib ^IHDIulIT MNU UUniKUL UUMKMCItKIilICS ^ t'MKMWINbb 


By Joseph L. Johnson, Jr. and James L. Hassell, Jr. 


I NTRODUCT I ON 

Recently, the Langley Research Center has conducted several 
investigations to determine the dynamic stability and control character¬ 
istics of models employing the parewing concept. These investigations 
have consisted of free-flight model tests conducted in the Langley full- 
scale tunnel and outdoors using the drop-model technique w«th uncontrol led 
and radio* . • .. ■'* !ed models. 

The models use<j in the dynamic stability studies have varied from 
small-scale, simple research configuratio*';s to large-scale, inflatable 
configurations similar to those currently being considered for recovery 
system appl ; cations. Control for most of the model flight tests was 
obtained from th» center-of-gravity-shift control system but a few tests 
Wei><# made in which ctler method, of control we.e evaluated. This paper 
presents a brie* summary of the dynamic stability jnd control information 
obtained in these tests and includes the results of related analytical 
studies and fo'-ce test investigations. 


LONGITUDINAL STAPILITY CHARACTERISTICS 
Some static longitudinal stability information obtained in recent force 
test investigations of parawings are presented ir. figures 1 to 3- Basic 
pitching moment data for a parawing configuration havinc a low center of 
gravity posit T on is presented in tinure 1 for an anglo-of-attack ronqo* of 
rhe keel from -10° tc 50°. These data show rtatic longitudinal stability 
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over most of the positive angle-cf-attack range with an increase in 
static stability above the stall. For some parawings, longitudinal 
instability or oitch-up has c_curred near the stall, in the low positive 
engle-of-attack range, parawi *g configurations have been found to have 
very low static stability and instability at low negative angles of attack 
This static instability, either at low or high angles of attach can lead 
to dynamic stability problems. One problem of this type is a tendency 
toward an end over end tumbling motion whi ck may occur under r txne conditions 
of flight. Some static force test information related to the tumbling 
problem is presented in figure 2. 

The datn of figure 2 si.cw static pitching moment characteristics cvei 
a 360 ° ang’e-ot-attack range for a parowing configuration with low center 
o c gravity together with similai date for a conventional de’ta wing 
configuration with the center of gravity in the plane of the wing. Notice 
che near 0° and. of course, 360° angle of JttacK (which also corresponds 
to 0°) both configurations have a stable fim point. Ir, the case of the 
conventional wing, a disturbance which pitches the wing away from its trim 
point is opposed by large restoring moments which are symmetrical at 
positive or negative angles of attack. In the case of the parawing, however 
there is a region of static longitudinal instability at low negative argles 
of attack and targe differences in the magnitude of the positive and 
negative pitching moments over the angle-of-attack rimge. The static 
instability at low negative angles of attack is re'ated to the toversal in 
the fabric as the wing pitches through zero angle of attack, i!'«=: large 
asymmetry in the positive and negative pitching moments is related tc the 
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low center-of-gravity offset. A parawing configurat : on which pitches 
downward through its trim point to uw negative angles of attack wili 
encounter the region of static longitudinal instability and will therefore 
tend to piuch downward to even higher negative angles of attack. If the 
pitching motion is great enough to overcome the restoring moments ir. the 
first half of'the cycle, then the Ditching motion wiii continue with 
energy being fed into the system as the configuration seeks its staole 
t~im point near 0° angle of attack. This energy acts as a oriving force 
wh ich tends to pitch the configuration through its stable trim point and 
irtc the region of static instability. From these iesults *+ can be seen 
hew i steady.nose-down tumbling motion could be established for a config¬ 
uration of this type. It should be pointed out, however, that predictions 
of a tumbling motion cannot be mane uased on static data alone. There are 
other factors, such us dampira in pitch and mass and inertia characteristics 
whici. must ee considered in determining stable and unstable boundaries in 
a dynamic stability problem of this type, it should also be pointed out 
that the data presented in figure 2 apply tc configurations having rigid 
connections between the center of gravity or payload and the parawing cod 
therefore are not directly applicable to recovery systems where flexible 
risers are involved unless the risers are ir tension. 

Presented in figure 3 is the low subsonic parawing data from the 
previous figure together with data at a Mach number of H.S for the micro¬ 
meteoroid parawing configuration. It is interesting to note the general 
similarity in the static pitching characteristics for the two cases in t.hc*‘ 
the Mach nuirtoer 4.' data shov. static instability «t low negative angles of 








attack and unsymmetrical pitching moment variations over the angle-of- 
attack range. Based on these data it would appear that the microm'iteoroid 
configuration may have tumbling problems similar to those encountered with 
the low subsonic models. Analysis made by "the 7 x 10-foot tunnels branch 
• has indicated that the build-up in dynamic pressure wh<ch occurs when 
this configuration enters the atmosphere acts to prevent tumbling but there 
arc critical conditions in this speed range where rumbling may occur. 

LATERAL STABILITY CHARACTERISTICS 

Lo date, the dynamic lateral stabilityiTcharacteristies of parawinrs 

have been found to be generally satisfactory. Presented in Figure 4 are 

-some statre and dynamic lateral stabil ! t- ' .erivatives xhich were measured 

for a parawing configuration at various center of gravity locations below 

the parawing keel. Presented in this figure are the _.it?c lateral 

stability derivatives C n ^ and 

and Ci t C>* the rolling derivatives C n and C» , and the ratio of 

* € P P * p 

yawing inertia to rolling inertia 1 2 /1X. Some significant changes in 
these derivatives as the center of gravity was lowered (that is, increasing 
Z/b) are the increases in directional stability and positive dihedral effect 
the increase in damping in roll, and the decrease in the radio of I*x• 

The effect of. th_ changes in these derivatives on the calculated Dutch roll 
damping is presented in figure 5. Plotted in figure 5 is the calculated 
Dutch roll damping, l/cj/2 (one over cycles to dam>> to one-half amp1itude), 
against Z/b. Although the data show that the damping for the configuration 
with the low center of gravity (Z/b =■ .5) i* only about one-fourth of the 
value for the configuration with the center of gravity on the keel (Z/b ^ 0) 


the yawing derivatives C n - C> 

1 
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tiic uainpi iivj i3 5 l i ii cons i yCvd for* the ! v'.' ccfitsr~of = 3r3v* ty ccndi t s on < 

Reducing the geometric dihedral by 18?, which has been suggested as a 
possible means of improving-lateral c-mtrol {as will be discussed later). 


increased the damping for this condition. It should be'pointed out that 
the va’ues of damping shown fere do not take into account the effect? of 
bodies beneath the parawing. |o cases w».zre large destabi lizing bodies are 
used, : the Dutch roll damping could possibly be reduced down into the 
unstabie region. 


CONTROL CHARACTERISTICS 


As was pointed out in the INTRODUCTION, control for most parewiny 
flight tests to date was obtained from the center-of-gravity-shift control 
system. Longitudinally, this control system has beer, found to be.generally 
effective but in ‘ome cases large rtick forces and unstable stick force 
gradients have beer encountered. Presented in figure 6 are calculated 
data which show the »aridtion in longitudinal stick force with lift 
r. coefficient for a control s/stem of this type using several different riser 
arrangements. These results, which were presented by Hewes at v.he Apollo 
Conference last year, snow unstable stick rorce gradients and indicate that 
the gradients con be altered appreciably by changing the riser lengths and 
attachment points. Analysis Indicates that the stick force gradients could 
heve been mede stable in these cases by proper arrangement of the risers. 

It is, of course, desirable to have the stick force gradient stable from 
handling qualities cons!derations^and to keep the gradients low from control 
power requirements. 
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- In the analysis of this type of control system it was fo'jnd that the 

significant factor involved in determing the stick force characteristics 

wns the C m of the wing,- Some information to illustrate this point is 
o - 

presented in figure 7. On the left side of thin figure is a plot of the 

pitching moment coefficient (referred to the* parawing keel) agafnst lift 

coefficient and, or. the right side, is a plot of C m against stick force 

c o 

gradient. The data presented are for the Ryan Flex-Wing configuration and 

t 

for an inflatable parawing of the t,pe being consioered for recovery system 

appl icatio.is. in the case of the i’yan flex-Wing, it was found that at 

moderate lift coefficients this configuration had positive values of C_ 

: " - m o 

which produ ed a high stable stick force gradient. In order to reduce the 

stick forces in this case, the gradient was lowered by reducing through 

trai1ing-edge modifications to the ding so that in the final arrangement the 

stick forces were in a more tolerable region. Based on these:data, it 

appears that parawings for recovery systems, which have been found to have 

negative values of C m f will have high unstable stick force gradients 

o 

untess some means is used to reduca these values of C,,^, either by changes 
in the wing itse’f or oy changes in the rigging as mentioned earlier. 

From the lateral control standpoint, there has been some indication 
of possible problems in the use of the center-of-gi-avity-shfft control 
system. An equation for calculating the net rolling moment produced by 
tiiis type of control </stem is presented in figure 8. This equation is 
Cjnet 0 Z/b (1 - L/D). The C|_ sin 0 2/b term in this 

equation s derived from the fact that when the wing is banked, the lift 
vector is tilted and has a component which produces a rol'ing moment about 
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the center of gravity through the moment arm Z/h. The term (1 - 
is called t h e rolling effectiveness factor andls derived from the fact that 
the lift component which produces roll is rearward cf the center of gravity 
and also produces an adverse yawing moment through the arm X/b. When the 
sideslip angle resulting from this adverse yawing moment is taken into i-ccount, 
it'can be shown that the favorable rolling moment produced by the lift vector' 
is reduced through the effective dihedral parameter C . For configurations 
having high ratios cf -Cf^/C^and low values of L/D, the rolling 
effectiveness term becomes small and therefore the net rolling moment produced 
in such ases is reduced. Presented in figure 9 are some data showing the 
effect of leading-edge thickness on these jjarameters. Plotted in this figure 
are values of C ’f ’, L/D and the rolling effectiveness factor 
i.1 “ for a P arawin 9 with a leading edge thickness of 1.5 

percent of the keel and another having a leading edge thickness of 7 percent 
of the keel. These resu’ts indicate that the rolling moment produced by 
banking the wing is reduced by about 50 percent at moderate lift coefficients 
for either wing end that the rolling effectiveness for the wing Vith the 
thin leading edges decreases rapidly with increasing lift coefficient and 
approaches zero near maximum lift coefficient. It is signifies it to note, 
that for the thick leading-edge configuration, which is representative of 
inflatable parawlngs now being considered for recovery systems, there is an 
increase in effectiveness with increasing lift coefficient. 

In discussing lateral control characteristics, another factor which 
mest be cn->sidered ,is that of lateral hinge moments. Some .indication of 
the lateral hinge moment characteristics involved in the center-of-gravity- 
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shift control system was obtained in che force cest investigation of 
the Ryan Flex-Wing airplane. Some of the re'uIts obtained in this 
investigation are presented in figure 10. Plotted in this figure is 
rolling moment coefficient against roil hinge moment coefficient. The 
horizontal dashed line plotted n this figure represents the Vrlue of 
required to produce a pb/2V of 0.09 based on a value of damping in rol 1 
of ‘■.15. This value of pb/2V is the Minimum value specified in the 
handling qualities requirements for a light liaison airplane. It is 
presented here merely to establish a reference for purposes of comparison' 
and is not intended to imply that this value of pb/2V is a valid 
specification for parawing applicatior.s. For recovery system applications, 
a smaller value may well prove to be acceptable. Considerably more 
research and flight experience will be required to esu .sh the proper 
criterion for this case. The solid circle at the lower right, vihich 
represents measured data, shows that 5° of wing bank produces only about 
one-third of the rolling effectiveness required by the pb/2V = .6? 
criterion. The stick force corresponding to the hinge moment for this 
condition was about 70 pounds. . Analysis indicated that reducing 
by using 18° negative geometric dihedral angle of the wing would improve 
the rolling effectiveness ar.d reduce the hinge moments, it v.-as also 
estimated that increasing Z/b up to C.5, which is a value representative 
of parawing recovery systems, would substantially increase the roiling 
moments without increasing the hinge r.x>ments. 

Because of the problems that have been encountered with the center- 
of-gravity-shi*i control system, some attention has recently been given to 
other methods of control for parawings. Presented in figure H are some of 
the alternative control methods that have been proposed. These methcds are 
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!. Trailing edge bolt rope. In this control system the 

tension is increased or decreased in a cable in the parawing 
trailing edge to provide pitch or roll cornel. 

2. Trolling edge risers. In this control system risers a~e 

attached to the parawing trailing edge ar-J pu'led down or 
released to provrde control. ' ' 

3. Hinged leading-edge or keel members. In this control systam 
hinges are placed in the wing leading edges or *uel and the 
aft portion of these members deflected for control. 

4. Auxiliary surfaces. This control system Js concerned 
primarily with surfaces placed at the rear of the wing to 
prov'de directional control. 

Some p-orafsing, results have been obtained with a wing-tip control 

sys ■» in tests in the Langley full-si e tunnel with tnn Ryan Flex-Wing 

cirplan*. In order to show how these results compare' with these for the 

center-of-g. 'ity-shift control system, data for both types of control are 

presented in fi., -e 12. Plotted in this figure are the data for the wing 

bank control systr>. 'rom figure 10 for comparison purposes. Also plotted 

o c 

art*, measured data for t, and 10 deflection of the aft 25-percent of the 

o 

wing leading edges for contra.. These results show that with about 7 
deflection of the wing tips a pb/2V of .09 could be produced with a 
hi.ige moment coefficient considerably less than that produced Dy banking 
tne wing. The utick fc ce corresponding to the hinco iuoment for 7° deflection 
of the wing tip was about 30 pounds on the fyon Flex-Wing airplane. 

SUMMARY 

1. Pm awing configurations generally have satisfactory dynamic 
longitudinal *t3bilitv characteristics •n the normal operations! angla-cf- 
att^ck range but there m*, t- problems at extreme angles of attack (either 
high or low) because of static lingitudina! Instability. 
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2. Laterally, parawing configurations generally have satisfactory 
dynamic stability characteriseics. 

3. F.om the control standpoint, the use of the center-of -gravity- 
shift control rystem may ,hc generally satisfactory ror recovery systems 
applications but this type of contro’ system may introduce some s'.ick- 
force probieros'and uay . eccme inadequate for configurations having high 
ratios of dihedral effect to directional stability and low values of L/D, 
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DEPLOYMENT TECHNIQUES 0? k PARADING 
USED AS A RECOVERY DEMISE ?UR MA NNED REENTRY 
VEHICLES AND LARGE BOOSTERS 
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One of the problems associated with recovery of manned reentry 
vehicles ard large boosters Is deployment of the recovery device, and 
studies of this problem at Langley to date have been primarily on para- 
wings. A slide has been prepared showing the status of parswing-deploy¬ 
ment investigations at Langlay. 


SLIDE NO. 1. PLEASE 


■ Tue majority of the investigations were made at lew subsonic Cpodusi 
utilising dynamic models in free flight. For the investigations sane to 
date, the results obtained are primarily in ths form of movie film which 
shows the deployment process. As the chart indicates, most of the 
deployment teatr hove been on parawing8 having rigid leading edge and 
keel members. I would like to discuss very briefly these tests.. Thu 
drop tests consisted, in general, of releasing dynamic models at low 
speeds (1 £ 5 5*/?^) from a hovering helicopter; most of the deployments 
were successful. Results from rocket launch tests indict.ted successful 
deployments cold \n ol .aiced at Mach numbers between 2.0 and 2.0 and &t 
altitudes ranging up to 180,000 fact. On the landing ?.oaba track , models 
were deployed at a dynamic pressure of about 13 *Vft- . The wind tunnel 
tests consisted of deploy 4 tvg the mpdel at a dynamic pressure of 13*/ft 2 and 
also at Mach nvjub«.-s between 2.5 and Currently planted investigation? 

Include drop tests of a full scale model of a purawing which will be used 

in the micrometeoroid experiments. Thij. model will be released at lew 

‘ “ \ _ * 

speeds from a helicopter. Finally, f or the wind-tonne!tv.st.t two acro- 
elaatically scale model? are being constructed. Tests vill inelvds the 












determination of the loads during deployment and alBo its proper deployment 
sequence. A bird paraying configuration ie under study which would have 
curved leading edges or a cylindrical canopy shape so as to obtain larger 
VD'a. ( Slide off j 

>fy talk today will deal with the results of an investigation involving 
complete deployment of a parawing when stowed as a recovery da dee on a 
l/5-acale model of a manned reentry vehicle and on a 1/12-scale model of a 
large booster. These models wore r&dia-controlled and released from a 
helicopter for flight testing at an approximate altitude jf 3u00 fuet. 

The rsxt elife shows the full-scale characteristic? and schematic drawings 
of the bioster-parawing combination and of Me manned reentry vehicle- 
paraving com':'nation. 

SLIDE NO. 2. PLEASE 


The results of the investigation will to shown in motion pictures 
and will il lustrate some of the problem art as encountered and how a 
satisfactory deployment technique was developed. However, cscauaa some 
of the detai is of the deployment technique may be herd to fo 1 lew in the 
motion picture a iL., tho sequence for satisfactory deploymnt is shown 
oi £lides. First, a deployment is a) c. J n utilizing a folded parawing 
for 'ompnet^ stowage on the booster, end then a deployment is shown 
utilizing ... telescoped parawing on tie reentry vehicle. The next rlid? 
shows the satisfactory deployment technique for the ooostor. 

.LIDE NO. 3 . ILEA3 5 

s% v. 

The next .-'ids 3hovs the satisfactory deployment technique for th¬ 
ree atry •article, 






The movie film I am going to shew you depicts scma of the highlights 
of the investigation, including, te previously ^enticnod, some of the 
problems enco.intered and +he satisfactory technique developed. 

MOVIE FILM PLEASE 

In conclusion, 01 the basis of the ensuing motions obtained in 
thiB investigation it appears that deployment problems, not considering 
loads, - ociated with paravings sc a recovery davioe at lew speeds can 
be satisfactorily 6ol v ed vithic the present state of the art. 
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AN ANALVIICAL INVESTIGATION 
OF LANDING FLARE MANEUVERS OF 
A PARAWING-CAPSULE CONFIGURATION ' 

By Ernie L. Anglin 


Presented To 

Space Vehicle Lending and Recovery Research 
ana Technology Meeting 
NASA Headquarters, Wash., D. C. 

July 10-11, 1962 


An analytical study is being made to determine the capabilities of 
various parawiiig configurations for executing satisfactory flared landing 
maneuvers, and vo investigate the factors which int ^ence this capability. 
This s;udy was iriiiated because doubt existed as to whether a parawing 
could perform a flare F rom trimmed glide conditions at max^/D, especially 
at iow wing loadings. 

For this stt 5y, a cone-shaped capsule having a weight of 5000 pounds 
is used for a payload. Control is achieved by varying the position of 
the payload with respect to Jit wing. A time history of the motion 
during the flare is obtained by utilizing three-degree-of-freedvv.ie equations 
of motion and a high-speed digital computer. 


SLICE NO. I 


The stat c aerodynamic characteristics of the wing used are shown as 
a function of angle of attack. This data is for a wing having rigid keel 
and leading edge members and a conical shape when deployed. This wine had 
■1 basic sweep rngle of 45 degrees laid out flat, and a deployed sweep angle 
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of 55 degrees. The aerodynamic data show is pitching moment coefficient, 
lift coefficient, and L /0, The pitching moment coefficients are for the 
three vertical payload positions investigated; 1/2, 3/4, and 1 keel length 
below the King. For each of these vertical paylead positions, you will 
note that a stable pitching moment curve exists. The maximum lift-coef¬ 
ficient is approximately 1.0; the maximum ^/D is 4.7. The symbols on tie 
cl and *VD curves indicate the trimmed glide conditions from wh ch flares 
were attempted. These trimmed glide conditions are for lift.coefficients 
of .2, .3 and .45. The ,45 condition is where the maximun K/0 occurrt. 

For all motions encountered during the flare attempts, the lift coefficient 
was never allotted to exceed a value of .3. 

SLIDE NO. 2 

From each trimmed glide contion, flares were attempted as follows: 

At some position along the flight path, indicated here by the arrow, the 
control movement for the flare was begun. The contro: movement used was 
a single shift of the payload longitudinally, made at a constant rate. As 
shown by the solid and dotted lines, respectively, a maximum and a minimum 
control rate were determined which would give a satisfactory flare without 
exceeding the Cl limit of .8. A flare initiated below the altitude used 
for the maximum control rate cannot, of course, be completed before ground 
contact. Flares initiated above the altitude used for the minimum control 
rate can be satisfactorily completed, but the completion will occur somewhere 
above ground level. The altitude range between these two limits is the range 
available to the pilot during which he must decide when he is at the proper 
altitude and begin his control movement. The pilots' decision time wi11 be 
a function of this altitude range aid the rate of descent. 
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SLIDE NO. 3 

The altitude used Jui ».13 the flare is presented as a function of wing 
loading and >:rimmed glide lift coefficient. A wing loading range of 3 to 

20 pounds per square foot was investigated. The maximum L /0 and the C|_ 
limit are listed. Again, the solid line™ are for the maximum control rare, 
and the dotted lines ere for the minimum control rare. For this particular 
wing, it was found that a satisfactory * 1 are maneuver could be obtained from 
all combinations of wing loadings, vertical payload positions, '~d trir.med 
glide lift coefficients invastigated. Larger pilot decision tildes come with 
the higher wing loadings and lower C|_'s. At tie same time, flares made in 
this region must be. initiated at relatively high altitudes, which may become 
difficult : or the pilot to judge accurately. Conditions with low wing 

loadinqs and hiqher C t 's can be flared from altitudes which are closer to 

“ ‘ »- 

the ground and whicn are therefore easier for the pilot to judge, but the 

decision time is greatly reduced. The decision tiir.es encountered herein 

varied from 6 seconds to 1 second. The time from the flare initiation to 

w/s=3 

the flare completion at touch-down varied from 2 seconds (for_ Cl = .^ 5 ) to 

21 seconds (-— G-loads encountered by the pilots are normally lent 

than 1 1/2-g’s. It was found that all the flares shown here were made without 
exceeding this value, so the g-loads encountered are well within the range of 
the pilot's present experience. 


SLIDE NO. 4 

The rates of descent for the trimmed glide, conditions used are presented 
as a function of wing loading and trimmed glide C^. These rttas of descent 
are compared w'tl *he rites presently encountered by pilots. The first 
dotted line is at 10 feet pei tecond, a rate normally used by aircraft 
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making art IFR type landing. The next dotted line, at 40 feet per second, 
represents the rates encountered b> helicopter pilots making auto-rotstive 
landings. The last dotted line, at 50 feet per second, indicates a descent 
rate encountered when a T-28 eirplane was modified for low *VD landings. 

(NASA Memo 3-12-59L). The X-15 (NASA TM X-195) has a descent race of 120 
feet per second, but it also has a wing loading of 66, so ?t cannot be 
directly compared with the parawing values shown. The rates of descent for 
the parawing configuration are therefore within the range of present pilot 
experience. However, the pilots are net used to encountering these rates at 
the relat.vely low wing loadings shown here 

The landing flare parameters just presented have been disr.ussed with 
several Langley pilots. It is felt that additional pilot experience is 
necessary due to the relatively high descent rates and the small pilot decision 
times associated with the lower wing loadings. It should be mentioned that 
one of the Langley pilots has recently made sorts, flared landings in an aircraft 
with an **/0 of 3 and a wing loading of 11, The fla*e portion of the landings 
was accomplished successfully, but some difficulty was encountered in making 
the touch-down at a predetermined spot on the runway. 

Among the factors which should receive additional study are the capabilities 
of different wing shapes, the effects of flexibility in the leading edge sweep 
angle when no spreader bar is present, control rigging set-ups and their 
corresponding power requirements, and pilot caoabi1ities. 
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PARAC?.TTH® LOADS, AER0KLA3TICITY AND MATVJUAL3 


By Robert To Taylor and James F. McNulty 





INTRODUCTION 


I Improvements in paraglider aerodyiiamic performance characterlsti cs indicated 

ty recent wind-tunnel tests have prompted the Langley Research Center to investi¬ 
gate paraglider loads aa a function of the aerodynamic parameters involved in 
the performance increases. An effort is also u .<1 . rway to attempt to calculate 
both the aerodynamic loads and performance asi-iriated vrith these configuration 
changes, to allow the evaluation of parametric changes without the need for 
extensive tunnel testing. 

^.tructurul analyses have been continuing which point up some interesting 
results as regards the problems of weight and materials.. 

It is the purpose of the present paper to present some of the highlights 
of recent research concerning loads, structures and materials, and to ind inn+z 
by implication, the type of data which are available for use in the design of 
paragliders. 

t 

! DISCUSSION 

i 

) 

* Uncertainties in the ex_ct shape of the cloth r^mbrans of the paraglidvr 

have been the biggest obstacle in calculating the air-load dis ibution over 
a representative canopy. Some early pressure data obtained on rigid conical 
models lias suffered in application because of the aforementioned shape uncer-' 
l tainties. Recent force test measurements have been made on a seaispac glider' model 

! with a cloth wing, which is si*>Mn in the first slide. 

SLUM I 

The modt l shown here was mounted on two balances, one semlspan balance 
; which alioved the measurement of total load and another six-component balance 
which measured the load *i- the leading edge. 
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Ihe vm tables covered were aspect ratio 2.5, 4*0, 6.0 and twist distri¬ 
bution indicated below by the values of was''out at the .80 open station. 

Loads carried In the paraglider structure can be divided into two classes: 

(1) leads normal to the plane fenced by the wing tip and heel, and (?) loads 
parallel uo the plans of the uln^ tip and keel. H ese loads nay be tre* d 
separately and added vac tori ally to arrive at a final loading, on which the 
design ul the structure vg he based. 

SLIPS II 

ihe next slide shows &. comparison of the measured spaznd.se lift distri¬ 
bution obtained frei pressure surveys on a rigid ccpical nod el, and calculated 
values using the twist d: stribution of the models. As night be expected tho 
culr.ltted valuer «^jree well with the neasurenunts when the twist is known. 

Sponwise lift centers are also shrvo on the slide, Here we have the lit 1 , 
center given by v-rassure tests, the calculated lift eertsr, and ^potted on for 
comparison ic the lift center obtained, from the seaispan fo: ce test yodel. 

While only one po?ni. is shown here, good agreement with both theory and 
pressure tesv-s *fas obtriarc' throughout its "linear" angle*rf-atteck range and 
agreement is shown with the pressure neasuiv^.~ pasi the stall. 

The lower part of the figure shows the exvrene loadii ~ due tc iw^st at . 
a lift coeff5 cienc of sere - 

Sot much rore can be said about the nomal or lift uistribution of load 
ir the paraglider membars without knowing the placement and number of tit... shrou-d 
lii.es s so lee- us look at the moments ebcut the apex, in the plane of the leading 
edge and keel. 
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SLUE III 

Here we have nlotoed apex hinge maaent as e function of *ngle of attack 
for at 8BJ.-V.: -r hit.-2.5 glider wi fv . canopies having different values of washout. 
';he sketches show the relative degree of flatness of the canopies under load. 

The darkened symbols iid j. ;<\te the angle j of attack at which (C_) occurred. 

" max 

These data serve to illustrate a number of points: (1) increases in washout 

are associated with decreasing in-plane apex moment, and deo rsing lift-dr-ig 

ratio if the leading-edge sweep or wing spar, is * eld fixed. (2) the design 

ci the glider frame for strength is fixed by the maximum lift-joefficient point. 

The ilau. were + ai;en through an angle of attack of 90°, end uhile not. shown here 

the level of epex moment at or stall is not exceeded. 

max 

Below the stall you will notice that tlr slore of 0 with a i3 negative 
for the full canopy and positive for : .h° flax- canopy. In the case where the 
wing is flexible (e.g. can change sweep or span with changes in angle of attack) 
the slope of this iine may effect the gust response of Vro glider. Ncte that 
with this full canopy a positive change in a reduces the tendency tc close 
which might lucre se the span somewhat making the glider more sensitive to gusts 
while with the flat canopy positive angle-cf-attack changes reduce span possibly 
alleviating the gust response. 

Paraglider wings with flexible frames have been tested at Langley in 
connection with geverame'v*. sponsored programs for (1) the recovery of the Saturn 
booster in which tno Marsliall Space Flight Center is interested and (2) in 
connection with the recovery and launching of the Gemini spacecraft, which is 
of interest to the tinned Spacecraft Center. 



Generally speaking the introduction of flexibility into the structure 
results in same saving in weight. The next slide (slide Tt) shows arwe curves 
which indicate paraglider structural efficiency. Here is plotted the ratio of 
paraglider weight to gross weight for rigid and flexible systems. The scale 
on the right represents the volume required to stow the paraglider system, end 
is obtairrd by assuming a stowed density of 23 pounds per cubic foot. 

Decreases in weight •■*»» achieved if structural flexibility is allowed 
in' the paraglider frame as shown here. It should be noted, however, chat 
flexible glide:.' are much more difficult to analyze both aerodynarically and 
structurally because of ths interdependence of aerodynamic load and configuration. 

Elastically and dynfjeically-scaled inflatable models of both relatively 
r:c;id aai flexible paragliders are being fabricated under contra' - '«ith G. 1. C. 
Tiltse mode..' will be ured to study the paraglider deployment cbaractsvis-ics along 
with the effects of ueroelasiicity. In addition these models reproduce the 
buck! ; ng in the inflated structural tubes which is impor -am. in defining 
aerodynamics. 

These data shovld be av aila ble tc evaluate the trade-offs between weight 
and periormance previously mentioned. 

The last curvo on the slide shows further improvement in the weight picture 
through the use of different gas tight materials, in this case s. film-fabric 
construction of dacron and mylar similar to the sairple I have here. Should 
such a 'material prove feasible •>nd .allow the amis j ion of the elastomer which 
weighs as much as the fabric, significant weight savings would result. 

Ve will discuss more about materials later. 



Iii addition to being more diffiev'. to analyse, flexible paragliders 

-‘dually suffer some degradation in performance. The next 3]ido shows aplot 

of L/D ageinrt C for the iGirini-paraglider configuration. The three 
L 

curves represent the v.-rodynamics of gliders having three stiffnesses. The 
degradation in ^I./D) is obvious but note tliet at higher the curves 

tend to merge y so that if touchdown conditions are raore important in a particular 
applies ! -icn than rarge considerations the requirement for stiffness in the glider 
frame -nay be relaxed U j ;* ell a some Ant lighter weight and acre readily stowable 
recovery system. 

High temperature mrter'alss are also under inves tigafi.n by Langley Research 
Center in ccnnecticn with the aicror>etecroid paraglider experiment which will 
have to survive reentry temperatures ( 1000° ?) . ?or the inflated memtr.rs of 
the paraglider,, Langley research Center is investigating t-he feasibility of a 
fiberglas- -silicone combination. Sicce silicoue is difficu't to "work", seams 
and junctures represent a considerable problem which is being studied. Firings 
from White Sands Ils.iile Range a'e scheduled s >r next summer. 

In conjunction with the aerodynamic end materials ^tudi'.s, Langley Research 
‘Center continues investigations in structural analysis. While structural design 
analysis procedures nave been developed for paragl ideis vitn co-planar leading 
edges and keel (these procedures have b°en used for f^ee-flight models, wind-' 
tunnel models and the mlcrometeorohi paraglider), tne recent inevation of the 
utilization cf helical, leading edges, discussed ry Mr. Sleoman, represents * 
t ew structural problem.. Langley Resea~ch Center haa a program und erway to 
define its structural problsw areas$ it is hoped that the material and geometric 



coeff icients being derel oped by testing by Goodyear and North American un^ei 
a MSG contract will suffice to allow an evaluation of the problem. Should a 
favorable solution to this problem be indicated, it is anticipated '.'oar. scaled 
model'.' will bt ’-sed for test purposes since it has been found that designs can 
be sealad without use of 'exotic* materials. 
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ROTARY-TYPE RECOVERY SYSTEMS 
by Char’es E. Libbey 

The Langley Research Center ha.- tested, cr is currently testing, 
several types of rotary devices with applications for recovery systems. 

The first s’ide is a chart of these s/stems showing the areas where data 
are oresently available and tie areas vrhere research : s still requi r ed. 

L SI id ) 

Tho. vortex ring parachute resembles u Maltese cross when viewed 
*rom above. Deployment, stability, ar.d performance tests have been com¬ 
pleted. A report containing this data is in the review stage now an 
will be available soon. This system is not Intended to glide, however 
as for most parachutes, it can be forceu to produce a small amount of 
L/D. 

The flexable rctary wing consists of strong cables at the leading 
and trailing edges with parachute type material str;tched between them. 

A weight at the tip provdes centrifugal force to mointoin all components 
in tension while rotating. Some preliminary deployment tests have been 
conducted using a 4 bladed 6 foot diameter model. The cloth rotor blades 
ware attached to a 32 inch diameter vortex ring parachute which we c used 
to provide the initial rotation for the system. Alter the deployments, the 
rate cf rotation increased, indicating that the blndes were autorotating 
and were net: being driven by the rotating parachute. Performance data have 
been obtained for a 2 bladed 4 foot diameter rotor, most of it for the 
vertical autorotative descent condition. For these tests, the blades were 
attached to a short wooden pfiddle wheel type of hub arrangement. A few 
tests at lower angles of attack have ‘diceted that this system does have 
gliding capabilities although bow wei1 it will glide is not known. 
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The conventional rota - ’, wing is J.he helicopter type syitea*. This 
Is the configurat*on fo- vrfiich a vast amount of pertorsence data are 
av&Mabfc, ixiydin'j date for gliding fpght end flared landings. T1 i< 5 
is tie jurat,on for which most of the tests on stability in verr : col 

autorotation descent have been conducted No deployient tests have been 
conducted,, and none are planned. 

The fn»d?no and the telesc <pir*n rotary w: "os ate essential ?v i*- _ 
same is the conventional rotary wings, e^t they are intended for a more 
compact stowage of the system, 't/yment tests are planned for both of 
those r.yrtsas. T1 . effects, if. any, of the telescoping joints or the 
folding hinges on the performance is not known, n fra st3b : *ity tests 
have been conducted using *+ foot diaaete.-' lode!-; ».i z'r. telescoping and 
folding type construction. (>l ?de off .) 

I wo-l a now like to discuss some of the area* of this ch~rt for which 
data are available. A short film will be presented ne^i wr.ich shows a 
vortex ring pararVytn bc‘ng deployed wnPe '-n free fall and rotating. 
(Film .) 

As you have seen i.i the movie, the parachute is very stable w ; th 
osci Pat ions cf less than 1°. The next slide shows tne variation of tie 
coeficient of drag with the incedence setting of the individual blades 
(canopy segments). (Siide .) The drag coefficient is based on the total 
cloth area of the parachute. The high drag (Cp-2.1) obtained with this 
particular parachute would mean that for a given payload the rate of 
dec -t wouid only be 60 percent of what it would be if a conventional 
p-rachuts of the St,me ciofh area were used. (S lide off.) 

A few preliminary deployment tests of flexaLle fabric blades have 
been conducted ana have pointed out some of t - e problem areas which wil1 
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have is he studied and corrected. A short film showing one of these 
problom J r eas will be shown- This film was taken at •> ppr ox ima tel / 

’5-Xr ’ rane? per second and will oe projected at 24 fracej per second. 
Therefor.', the motions seen are approx : mately 60 iiws s."wer than they 
actually -v.curren. The deployment v ‘ ne K, ades cakes pla*e in about cr*e 
juarter of a second. The steady ..otion seen after the deployment, 

was ta: :n approximately 6 seconds later. It is part oi the sara test. 
(Film .) It is believed that the problem illustrated In this film can be 
solved .h a controlled «!cver deployment of the blades. 

Experience in the Recovery Systems Srancl ha-. indicated that use of 
a rotary wing recovery system jiay .nvolve proc!ems -of dynamic stability. 
Parametric-tests 3re being conducted at Langley to determine how .soch 
effect the various parameters have on the stability of a rotary wing in 
free vertical autorotation descent. Some of the oaroreters wtich have 
he<;i very briefly examined and have been shown tc iiave on e rc ect or. the 
stability of this system are listei in the following siide. f*=lide .) 
There are ocher variables which quite likely effect the stability also* 
such as, solidity ratio, number of blades, blade weight, blade incidence 
angle, and payload configuration. 

The next film will illustrate a rigid rotary wir.g on an apollo type 
capsule ii. vertical autorotat.ve descent. The first sequence is an 
unstable configuration. By varying one of the parameters (in this case 
hub inertia), tie stability was increased as seen in the second ser'-ence, 
however, >t was still only ma< s'nally stable. A further modefication 
produced a completely stable configuration. (?ilm .) 
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crnsidering only two vari?bles, hub inercia zstl disk loading. The 
results are presented in the next slide. ($1 ids .) 

_ —car. be seen from this siide, as the hub inertia is inc"eased, 

the disk loading must also be increased t j maintain stability. !? 
some's* ~tne other parameters ace changed, this curve will be shifted. 
For instance, dec teas hlrQ^anaLcwin t!.- ^orve 


dcumward. 


In cone 1 jsior., it can be said that rotary type recovery systems 
can be made : rhersrt^y steble, can produce hi 9* orao. f„i»- j’^uing 
capability, and near zf.ro vertical ^r.i horizontal speeds at landing. 
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PARACHUTE PERFORMANCE AT SUPERSONIC SPEEDS 
By Nickolai Charcrenko 

The recovery or high speed vehicle? created a new reoulrement In 
recovery operations, deceierators have to perform at very high altitudes 
and supersonic speeds. Although the requireaents have charged, the basic 
considerations in the selections of drag devices - essentially remain the 
same for the supersonic speed range as they were for sujconic. The fol¬ 
lowing slide shows these basic requirements, they are: 

Slide I 

Based on these requireaents, conventional parachute? appear to be 
well suited for this job, in view of the fact that they have been proven to 
be highly reliable in subsonic operations. They have an apparent weight 
advantage over other nonlifting typef of deceierators and we were more 
familiar with parachutes than any other drag devices. For these reasons, 
they were a natural choice for supersonic speed range. However, tests at 
supersonic speeds revealed some problem areas of parachute perfnroance. 

The three major problem areas are: 

Slide 11 

We were primarily concerned with the first two of these problem areas 
at supersonic speeds, which we will consider at this time. T.r‘ third one 
can be anticipated In the future. 

Slide 111 

The experimental results of flexible ribvon-t/pe parachutes indicate 
two major areas of parachute instability: oscillatory motion of the para- 

i* 

chute about the point of attachment and shock pattern fluctuations accom¬ 
panied by a violent canopy Scathing along with reduced inflation and 
drag characteristics. The latter which is referred to as inflation 





instability has been the sublect of considerable investigation. The basic, 
problems involved in the inflation instability are high rates at which the 
shock is alternately swallowed end exrelled (somewhat analogous to the in¬ 
let bus* phenomenon) and the interaction between the boundary layer on the 
individual shroud lines and the shock wave in frcul of the parachute canopy. 
This type of instability causes large variations in drag with frequencies 
exceeding 100 cps. 

Slide IV 

The next slide shows some parachutes employed in svpersonic speeds. 

The bottom one is a tynicul ribbon parachute used in moat v.1 the investi¬ 
gations. Various means have been tried with this type of parachute to 
eliminate inflation instability such as varying porosity, varying number 
cf shroud lines, extending the skirt, attaching an inflated tube to che 
skirt and others, but only limited success was ac. ieved by these as'ins. 

It was evident by now that the best we can hope for, in light of the fact 
that the fluctuations in shock pattern exist even for the rigid parachute 
models in the free stream as far as shock fluctuations are concerned, is 
to reduce their influence on the breathing of c parachute. I believe this 
has been achieved to a Isrgc degree with the parachute designed by Cook 
P.taearch Laboratory, under an Air Force contract. These parachutes are 
radically different from most parachute designs. Their main features being 
low porosity conical inlet canopies and high porosity flat roofs. Both 
of these designs have perfotmed satisfactorily ir the Mach number range of 
2.30 to 4.63. A high speed schlieren monies showing stability of these 
parachutes will be shown later. 



Slide V 



As far ?i t’..* drag of >r*chv.t»w is concerned, we would like to have 
a drag coefficient of 0.5 or betta* for parachuteo at supersonic deeds. 

The ner.t slide shows a drar, level for various drag devices. Here the 
dra r j coefficient is plot-ed versus Mach number at ten base diameters 
.townstreatn i.r parachutes and rigid types of dreg devices. Drag coef¬ 
ficient for most ribbon type parachutes fails li. this region. The conical 
Inlet canopy has improved the drag coefficient of parachutes as shown in 
this slide. Even though coi.sifU.raLte improvement in drag coefficient 
a.J stability was achieved with the conical inlet parachutes, the varia¬ 
tions in dr *7 still existed, though to a lecser degree than with ribbon 
type parachutes. Due tu the problem areas encountered with parachutes 
operations pc supersonic speeds, other drag devices were being developed 
concurrently ar.d a comparison in drag coefficient between them and para¬ 
chutes is made in this slide. I'c can be seen that the drag coefficient 
of parachutes c«?* . e exceeded by a fector of two to three ty tr.-ta rigid 
type c'erelf-'^ors Thus there is a wide margin of drag coefficient that 
can be used «s a tradeoff for weight. Rigid and inflatable ty t ,c. of uecel - 
erators will be discussed in mort detail in the fallowing paper. 

In this investigation, no e£t.>rt was made to establish regions of 
optimum performance; however, from visual observations of these and other 
tests aud from high speed schlleren monies, it was evio-nt that the perform 
anue of the parachutes w«s waiccdependent. A wake study for various bodies 
to about IS base diameters downstream of the vehicle would be must helpful 
in analysing and po* •’ibly explaining the variation instability and, at 
som. lit.oh numbers , de^reaae in drag coefficient with increase I.* trailing 
distance. 1 think our biggest problem in the develop»«aD.; A stable 
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piviehutig lor c*«e tuperimle «ae<v3 rar*g*» has bits che lack of adeauate 
thee.y tc guide the investigation*. Coueque&tly, aost of the wcrk has 
been done on « trial and error basis. 

The wine tunnels are well suited f t.t the research of deceleratora 
Lecaus# the parsaatric study under a wide variety of test conditions -an 
’ r easily sinulater. However, after a vox'.able derip has been evolved 
It the wind-tunnel -testing,, this'should be mpcated oy free flight testr 
tc che^k out the system nder the actual '.iis t conditions, free flight 
teats are belnj cooslderti to check ou. parachutes that had satisfactory 
nerfo/nance In the wird-tunnrl test?. 

~ HowrJiyzwnoFAi. p/^autts 

Svee exploratory work has r m perfcm*d os the r.orcanvcntiaial type 
parachutes ip the wind tunnel at supersonic speeds. Tnese are parachutes 
with high rotational speeds, typicalripre^ei. catios if which are vertex 
ring parachute and rots foil. Both or the afc-ve onticoet nodels %ere 
t sated at supersonic speeds, bit they bailed beiore a ay §igtiif Icart dri. e 
r asurecseuLs could be obtained. Tlowever a \isua. check of drag indicator 
before failure or turnd showed high drag values in tone cases. Further 
researr*' along theae line? would be warrantee. 

hi.vH speed soviet that ver»: cbtulsed in a ::ev seconds of their opera¬ 
tion will be presented at thi? ti-ja along vi'.h sdlieren no vies of the 
previously discussed pcrachute aodels. 










PROBLEM AREAS FOR PARACHUTES 
AT SUPERSONIC SPEEDS 

1. Stability 

2. Drag 


3. Aerodynamic heating 
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AERODYNAMIC DRAG AN0 STABILITY CHARACTERISTICS OF SOUO AND INFLATA3LE 
DECEIERATOR DEVICES AT SUPERSONIC SPEEDS 

By john T. McShera Jr. 

ABSTRACT 

Experiaentol drag and stability characAeristic- of tnwed uecelerators 
at supersonic speeds are presented in this paper. Vie deeelerato's 
discussed include towed spheres, towed cones (both ltd and inf latubl, 
and inflatable towed cone-balloons (both closed pressure and rair.-air type 
devices). 



INTRODUCTION 


If conventional methods of recovery are to be utilized in the final 
stage, it is particularly important that the velocity of the payload be 
gradually teduced as the pavload reenters che atmosphere fre.m high-speed 
high-altitude flight, investigations have indicated that conventional 
parachutes are not satisfactory for this first stage deceleration because 
the parachutes are unable to withstand aerodynamic beating, inf’atr 
satisfactorily, and maintain stability under supe*son:c flow conditions. 

An initial deceleration system which will reduce the velocity of the 
payload by substantially decreasing its ballistic coefficient will 
lessen the intial shock on the pay lead and on f»nal recovery devices 
such as parachutes. Spherical balloons and cone devices have been 
considered as possible decelerators oecause of their stability and 
relatively high drag coefficients. B th So id and .nflacable decelei ator*= 
have been investigated an > will be discussed in this 

Slide I 

Tins slide shews typical examples of che solid and closed pressure vessel 
inflatable deceieraiors that were tested. 

The 80° cone and sphere shown here were tested both solid and 
inflatable with very little difference : n drag and stability between them 
The separation fence shown on some of these configurations is needed lor 
stability at subsonic speeds. The so i i r! models shown here nre typical of 
rigid dacelerators at supersonic speeds, They are simple in construction, 
inherently stable at these speeds, and produce high drag coefficients. 

The 70° cone balloon (called a batlute) has drag values between the 60° 

and 80° solid cones. Therefore it would appear that the cone c.-illcen anc the cone 

give similar if not identical results for a given cone angle. 
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It has been established that vhe stability of cones decrease with increasing 
cone anq’c while drag increases with increasing cone angle in the supersonic 
speed range and with 90° angles were intermittently unstable at these 

M-ch numbers. Although it hasn t •'ee . tested it would appear that an 80° 
cone balloon would be optimum from this investigation from the point of view 
of drag and stability. 

At this stage, a decelerator that had better drag and stability 
characteristics than a parachute and yet the same storage capability 
had been developed. However, the problem of having to carry heavy inflation 
equipment aboard the payload to -e recovered still existed. This in where 
the need for a self-Irflating configuration was realized. 

Slide ll 

This slide shows the development of the ram ?.ir ballute from the 
front inlet to the present side inlet type. 

This front i.'iet configuration was one of the first tries at using 
the ram air (dynaric pressure! to inflate the decelerator. Many different 
means of inflating <rc ballute employing front inlet type configurations 
were tried; however, there ves a mass flow pulsation phenomena in the 
supersonic speed range which resulied in adverse vibratory fabric 
loading and smsecuent fai'ure of the .rodels. This pulsation problem 
was solved by , lacing different percent screen? over the inlet; however, 
this lowered th,» drag compared to the closed pressure 70 ° cone balloon or 
ballute shown in this slide. The side inlet configuration of the 70* cone 
balloon or haHuts was developed as a result of testiou at r Mach number 
of 10. The wake fiom the forebody did not tend . •■> collapse or recover 
at any distance aft of the payload that was capable of testing within the 
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tunnel. The core of this wake existed over and outside the ram air inlet 
diameter; therefore the side inlets were usee' to feed the ram air into 
the ballute. This merhea of extended ram air inlets worked very we 1, 

Essentially what is being developed here is an improved type of high 
speed parachute that will retain the parachutes weight and packaging 
features arid yet overcome its short comings with respect to supersonic 
stability and aerodynamic heating resistance. 

Slide 111 

This slide shows a typical plot of drag coefficient versus Hacb number. 

\ The configurations represented h/ this figure is the 70° ballute with sice 

inlet? and one o f -:he better paraenute configurations at a length of tow 

cable to diameter of forebody ratio of iO. The forebody uued in all these 

tests is shewn at the top of the slide. 

These s*'Je in’ets fully inflate the model to the same shape as the 

I inflarcble closed pressure 70° cone balloon giving approximately the same 

drag and stab!1 ty. 

Bal lutes made of dacron and r.ylon neopre e have a maximum performance 
limit of approximately M - 5. Ballutes made of metal fahirc (Rene* 41) -.oated 
with a special siiicc- ceramic elastomer have proved satisfactory at M = 10. 

Bal'utes rij/a built in "reefing" at all speeds and since parachutes 

have not been successfully reefed curing deployment a v high supersonic 

speeds, it is clear that opening shock loads are higher in parachutes 

end the result is a heavier cloth structure and subsequent weight penalty, 
i 

A bal’uts is a me-e rigid inflatable structure than a parachute which 
results in improvea stability (less coningl. 


- - ,-^st 
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Slide IV 

This slide shows the research areas in which I believe wor 1 '. st'll needs to be done 

V 

1. reduce internal pressure - 

Tests just completed on the 70° balUite with side inlets showed 
that internal p essures as high as 4 times dynamic pressure 
were measured. Previous tests showed a pressure equal to dynamic pressure 
was all that was needed to fully inflate the decelerater. Therefore 
there still needs co be some development in inflation procedures to 
reduce the amount of pressure inside the deceierator. 

2. maintain inflation througnaut trajectory - 

Various techniques for inflating the optimum drag shape should 
be investigated and should also include a determination £ or maintaining 
inflation procedures through Jt the descent trajectory down to sea 
level in order to possibly eliminate the recui r enont for deployment 
of a final stage parachute. 

3. correlate tunnel result? with flight - 

To estab 1ish mere complete data, consideration should be given 
no perform free *l:gnt tests to achieve flight test deployment 
c jns that can be dup ilea tec in the wind tunnel. 

A parametric performance study should be ther made in the wind 
tunr.el to ascertain if stability can accurately do determined in wind 
tunnel testii g using an inf ini lo mass relationship. 
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k. extend results to subsonic and nypersonio .-peed - 

Additional wind tunnel testing «s also required in the subsonic 
and hypersonic speed ranges on the basic shapes discussed in tnis presenta¬ 
tion in order to investigate the capabilities of these decelerator systems 
at speeds up to Mach numbers of 10 and a wide '•ange of dynamic pressures 
and temperature* that will be encountered in recovery. 


MOVIE 

1. This 1st shot shows the /0° cone balloon cr bei lute w ! th side inlttc 

at a Mach number of 2.E = 250 psf. Its drag coefficient cf 0.9 was the 

same as the 70° core balloon closed pressure inflatab’e model, 

2. This picture shows the towed 89° ram air bailute at a i-.ich number 

of 2.75, 9 = 250 psr This model never fully inflated and it points r ut 

the mass rlow pulsation phenomena which causes thr adverse fabric loading and 
subsequent failure that existed in many of the front inlet ram air ballutes. 
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fHE PROBLEMS HF THE ENERGY DISSIPATION 
SYSTEMS III SPACECRAFT RECOVERY 

By Lloyd J. Fishei 


Severa! aspects of carU; * and log requirements for manned 
space vehicles ere being .investigated by Langley Research Center. 
The character of research undertaken consists of experimental 
and analytical studies of the fundamental energy dissipation 
capabilities of materials and methods and of the landing 
character5sties of space vehicles having vo“ious landing systems. 
The requirements generally placed on the er.erg,' dissipation 
system are that the landing accelerations ard landing .lotion., 
resulting from cor.+ zt witn the landing surface, be kept 
within tolerable limi.* both for oco pan* r. cf the veh : cle 
and for the vehicle structure. Fo > ' man in space flight tee 
rion-emerger.cy limit has teen placed somewhere near 2Qg*s 
i!»* irrc-v. ac** -.!“.ration and ISDo's/sec. ovsef rate o' acceleration. 
The spacecraft has been permitted to sustain some sma5< drsneye. 
Mercury vehicles were r.ot intended for reuse f-:t some of the 
o*!ier vehicles vuch as Gem. ! r.:, will be reused. In any case, 
both from the standpoint of safety fc the r stroi.-'Ut aid for 
m3 ! ntainiriM : megrity of Che spacecraft, violet ochnvior 
or. landing should be avoided. 

We are currently inves‘.igrt'ng landing inpact energy 
dissipation systems for the Apollo sani. ijnJing module 
simulating a parachute type lancing. We are ..oa«*«rg the 
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compjetion of a brief model investigation of the landing 
loads and stability characteristics of a Saturn booster 
recovered on a h~rd surface runway — si.-nulating ? paraglider 
type landing. Investigation wMl be started soon on the 
ditch’ng d-a< ■'cteristics of the Gemini vehicle, which wiil 
also sinulate a paragiiuer Touuii.y. A limited program is 

underway on the use of certain materials as energy dissipators. 

\ 

Our current emphasis in the materials pi^grsr. :c or materials 
for the frangible metal tube dissipator. era we ar; planning 
some work on foamed metals as energy dissipators. Since the 
fraepnenting tube process is probably not familiar tc everyone, 
the firs t slide Illustrates the essential components of this 
system. An example of a frangible-tube installation could be 
a hard aluminum-alloy tube such as this attached to a vehicle, 
and a die uch as this attached to a landing skid cr foot. The 
t je press is over the due during impact and fails in fragments as 
sh'.wn here. This Is o system fur working metal to ‘ts 
ultimate strength and through a large percent cf its length. 

~he next slide 2 shows the energy dissipation capabilities 
of several materials that lave been used or considered for use 
ir landing systems. Some of the less efficient bu L readily 
adaptable dissipators, such as the fabric air bag anc aluminum 
.hcneycwib, ;>shic.. abso--r about 4GC-0 and 6000 ft-lbs of energy 
per pound of caterl?’, have received considerable attention 
to date. This is to be exDected because of the ease c: 


: 
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appli'atioo end availability of these materials. Honeycomb 
Has been one of the most often suggested energy dissipators 
taking many for<ns, shapes, and sizes and has been proposed 
in one application or another for most spacecraft, its - 
main disadvantages are .ulk and the fact that it can take 
relatively little side lead. T he air bag has also been 
proposed in many foims as a solution for spacecraft landing 
problems. The fabric air bag lends itself extremely well 
to forage, as on a capsule type spacecraft where volume is 
at a premium, and it is u-i’nq used or Mercury. Suscept'iLi 1: ty 
to puncture ana to side-load failure are its ««jor disadvantages 
The strain crap, which absorbs abort the same energy per 
pound of material as does aluminum honeycomb, has alsc found 
ready application; ore case in point being the scut-type 
leadring >j;-ar of Dyna-$oar. The prassorted .-..eta! cylinue* 
and balsa eoocf have fairly hi ih eff iciencies, absorbing abooc 
1400C and 1.4000 ft-lb per pojn--' of material. Tbess systems 
are bulky to store, although no more so than honeycomb. Balsa, 
however, nos. an ••ndes*rab?c rebound characteristic,. The 
frangible metal tube hvs h'gh i.ffjciercy ab. orbing shout 
3i,000 ft-lb yer pound of LC?i»-T3 aluninum al ioy bu 1 loads 
must be applied along ;!<r. axis of the tub-., ; nd the cube must 
be keot snug against its working die. As me; tfCi.ed ear’icr 
work is continuing ct Langley on the fragnmnling tube proetts. 
Alignment is a problem with <11 of the systems a.io wren 
ropreciab’e velocity components are involved, either horizontal 
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or vertical or both, some positive means of positioning 
the energy dissipation e'emen*' i.< required. 

The following slide snows a sketch of a practical 
installation of a strain strap In combination with landing 
skids. The strain strap is a -eplaceable element which 
falls by plastic yield ' ig and the skid moves aft anJ up 
while alignment is Maintained by t^e it-ut. Such a gear - 
when used on Dyr.a-So'r would be retract id and stored through 
door s in the lower surface of the wire, • rt'.ich sorves as the 
heat shield, rtoweve', on the Gemini corfiov, or ion a so.v.what 
similar gear Has beei kept separate fro- 1 the heat shield. 

Slide 4. please . The Gev. n> vehicle ha* been rotated over 
on ts side for lancing and t'it larding gear is 

oositioned accorr.n.g : y. Hers the heat siield is undisturbed 
by the landing gear. Currently, hydodic shocks are being 
cor.si.ered ' or Gemini although at least one "McOonnel i’ mar. 
say . they v. 11 ' » heavier than strair~st-ap dissipa.crs. 

The strut arrangements shown %rv. very suitable for system* 
navir.g positively controlled forvnrd landing dir-ctions. £:-ergy 
due to vertical velocity is dissip.i.ed pi •cipatly b^ the 
strain strap or hydraulic :• ock ah-.orbo.t u id most of that due 
to horizontal velocity is iccinatcd oy friction iurirg the 
ltnaing runou'.. airly good runways, or at i ast selected sitet 
a' - e retailed ''or stalility in such landing?. 

Met ions of integrating the nergy dif>ipat,\'i system vith 
configurations that ’ jr.d on the heat shield tru shewn in the 
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ne~t slides . Tr>i:> slide illustrates a passive system that 
has received s'rong consideration i o*’ Apo 1 lo earth landing. 
Alumi..jm honeycomb or some sue! materia? •ould be used 
befweu-. the heat shield,, whies is expected to 'xil-’.jn" dining 
impact, and the astronauts' pressure compartment. There is 
a very short stroke available in this system resulting in 
accelerations of about 40 to 50g's on the capsule structure, 
so couch support systems crust further attenuate the landing 
impact loads. The passive s/stein is of interest primarily 
because no malfunction in operation can occur prior to usage 
since no extension or deployment of parts is required. The 
following slide shows another approacn taken with Apollo 
toward integrating the ’anding gear wuh fhe components of 
the spacecraft, the h«_at shield is extended in this case 
and shock absorbers are installed between the he-.t at ield 
and the _ppe' capsule. One set of absorbers shown nere in 
an approximately upr.gnt position is used tc dissipate vert¬ 
ical loads and another set of abst rbers shown here at an 
appreciable angle us used tc dissipate horizontal loads. 

Both of the Afx>llo v-jrs’ons shown are expected to la.J on 
the ground on the heat shield at a nose down attitude and 
skid and rock or. the heat. s. ield during runout. $ 1 ide u 4: f. 

lr.. general, there are se.eral ways of dealing With 
ve.rtiv.al energy dissipation. Some systems are more efficient 
than otters, some package better than others, but a variety 
of promising systems are a/ailnble. Ho zontal energy dissiperr n 
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is, in a way, simpler to deal with than vertical energy 
dissipation since translational friction is ail tbs*: »'s 
involved; however, ru.iout becomes a factor. The right or 
wrong combination of lending surface and landing speed is 
critical du-ing runout and vehicle configuration also enters 
the picture. The resuits of inadequate;y dealing with these 
parameters a*e high accelerations, instability, and tun.- 
over. Parachute vt-down systems have more trouble with 
hor'contal >, . locitv; than do rrost of the other Systems because 
they aren*i designed fo" ht.rizontel velocity. This is just 
as true of cargo drops as it is oi spacecraft landings and 
it is easy to appreciate the p.obi ran. The parachute landings 
of mannei vehicles, for example, have been planned at velocities 
of about 30 1 : r-> t p;.r cecond vertical with expectations of 
frcr. 0 to. aboJt or 60 feet per second horizontal. The 
rori 2 cctal velocity is due ,c the wind end so is unpredictable 
making e'esigr. difficult s'r.ce a wide speed range must be 
accounted for by tK s . energy dissipation system. Also, direc¬ 
tion of landing with the parachute is unknown, eonsequen ly, 
it is desirable that t.<e energy dissipation system be omni¬ 
directional in behavior and this tco is hard to achieve. Let 
down systems thai have a mere or less fixed horizontal velocity 
su-h as the paraglider also have posit?/ely control1e’ forward 
landing directions and aren braking rochets, since they dt 
r.of drift as „-.sily with the wind \'as to parachutes) have 
more exactly defined design load*, speeds, directions etc. 
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The foi laving no'ies show some conditions at which moo*.U- 
of various spacecraft tend to turn over c r have undesirable 
bahavior. 

The first movie shows r. model of the Mercury vehicle 
landing or water at simulated velocities of 30 feet per second 
vertical one 60 feet per secona horizontal. This is a r epeat 
run . The turn-over is primarily the result of too high a 
velocity. 

The not movie shows an Apollo type model landing at 
Velocities simulating 30 ^eet per second vertical and 30 
feet per second horitontaf. fir.t a larding on sand, the n 
a landing or. a ha-d surface runway. The tun -over is caused 
by the "oil canning" of the model neat shield. 

Now a model having a four strut landing gear landing at 
relatively lrw speeds, 10 fee. per second vertical and MJ - *" 
feet per second horizontal. Here is a landing on a nard surface, 
then a landisg on a soft powdered material. Penetration and 
pile-up of the surface mater'-1 caused tip-up. . _ 

The next sequence of movies show tu-n-overs that are not 
caused t»y :;oi* : zontal velocity or ’ending surface, but ly 
vehicle ;.!ijpe and landing ar.ituce. H ere ir. a skid-rockor 
landing of a vehicle vith a c.g. heicht to base diameter 
rntio of 0.3 Now a "ehi'le W'tn a ratio of 0.2. The landing 
attitude and spnab were t.rc same ; n heth bases. Vehicle 
shape or proportions caused tu«n-over. 
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TSe next movie sequence shows rodei landings of a 
Saturn booster- sin''dieting pv'raglider 'et-dc."M on a smooth, 
nard-su -faco runway. fin. -and'mg gear J s a four st.ut -i 1 —skid 
gea^i Th;-* .arding speeds arte relatbtely lot/ considering the 

f 

size of the vehicle, simulating 80 knots horizontal and 10 
feet p'; second vertical. Th-t. following movie shows a tri¬ 
cycle landing tea * employing a wheeled nose gear and skids 

r 

oi therein gear. There is little to choose *rom in 
behavior between these gears although we did find some wheel 
problems due to mode design that couid cause ground loops 
?.s soov;n here . Movie off . 

The next s 1 ids (7) s iws maximum normal end : onct'tudi,.al 
accelorat : ons for the passive system Apollo cor.f igur'for 
during landings on sar>H at b vertical ■. *»locily of 30 feet 
per seccr'd and horizontal ve’oc.tier of 0 to 50 f?et per 
second, Horizontal velocity had little effect on the maxi 
mir.i a.'celerat ion, either norma! ir .nngitjdinal as shown by 
the scotter of the velocity points. Undine attltuoe had 
1 :lle effect on normal acceleration due t-> the degree of 
penetration into the sand. The solic points indicate test 
model turn-over during impact, 

ihe last_sj idle (3) gives computed limits stal iiity foi a 
sk;j-rocker landing near. Computed limi's for 3 frict'on 
coefficient of 0.4 and a c.g. height to base diamctci r>tio 
of 0,24 ire sherr. TV.. stable rag ion is belov' th> ~ctve 
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Turi-over would be expected at conditions above the curves. 

Hie equations of notion show that turn-over for a skid-rocker 
configuration is independent of change in horizontal velocity 
and this has been substantiated by model tests for a range 
of touchdown speed.'. This pilot shows the effect of vertical 
velocity. The range is well outside that of the model 
investigation which simulated paraglider landings at vertical 
velocities of about 10 feet per seconc and less. The skii- 
rocker landing method is most suited to horizontal type 
landing and these data shov this. For exafiiple, at 10 feet 
per second there is.a stable range of some 45° in 'anding 
altitude. In a vertical type landing at say 30 feet per 
second this stable r.nge -r reduced to only 12°. The curves 
approach asymptotically the friction angle. (The friction 
angle Is about -'.2 C for this configuration, and »s the anqit- 
that the resultant of the f-iition force and the normal force 
makes with the normal axis of the vehicle. It is also the 
angle at which the vehicle would slide during landing without 
oscillation in trim.) Slide off . 

Thee «ic several problem areas in the landing energy 
dissipation systems being used for spacecraft recovery. Tnere 
are also regions, or areas, for most systems presently being 
considered that result in satisfactory landing impact and 
runout. This is a natural situation because every vehicle 
whether it be helicopter, airplane, or spacecraft can be 
expected to be limited somewhat in landing attitude and speed. 
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METING ON SPACE VERIO LANDING AND RECOVERY 


RESEARCH />;,.> TECHNOLOGY 


NASA Headquarters 
July 10-11, 1962 
9:00 A.M. EDT 


I. July 10, 1962 - Opening Remarks - J, E. Greene- Headquarters 

* 

II, Presentation^ of Program Summaries from the Centers J 

Parachute Recovery Systems Design and Development Efforts 
Expended on MERCURY-REDSTQNE Booster and SATURN S-l 
Stage — Barraza, R, M. - MSEC 

Application of Paragliders to S-l Booster Recovery for 
C-l and C-2 Class Vehicles - Me NSir, L. L. - MSEC 

» 

Recovery of Orbital Stages - Fellanz, D, W. - MSEC 

A Review of Launch Vehicle Recovery Studies - Spears, L, T,- 
MSFC 

A Review of the Space Vehicle Landing and Recovery 

Research at Ames - Cook, W. L. - ARC * 

Survey of FRC Recovery Research - Drake, H, M. - FRC 

Manned Paraglider Flight Tests - Horton, V, W. - PRC 

Gemini Landing and Recovery Systems - Rose, R. - MSC 

Apollo and Future Spacecraft Requirements and Landing 
Systems Concepts - Kikar, J. W. - MSC 
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III. July 11, 1962 - Continuation of Program Sussnaries 

JPL Requirements for Spacecraft Landing and Recovery - 
Pounder, T., Framan, E.» and Brayshaw, J. - JPL 

Langley Research Efforts on Recovery Systems - 
Neihouse, A. I. - LRC 

Summary of Static Aerodynamic Characteristics of Parawings - 
Sleeman, W. C., Groom, D. R., and Naeoeth, R. L. - LRC 

Dynamic Stability and Control Characteristics of Parawings - 
Johnson, J. L., and Hassell, Jr., J* L. - LRC 

Deployment Techniques of a Parawing Used as a Recovery 
Device for Manned Reentry Vehicles and Large Boosters - 
Burk, S. M. - LRC 

An Analytical Investigation of Landing Flare Maneuvers of 
a Parawing-Capsule Configuration - Anglin, E. L. - LRC 

Paraglider Loads, Aeroelasticlty and Materials - Taylor, R.T. 
and Me Nulty, J. F. - LRC 

Rotary-Type Recovery Systems - Libbey, C. E. - LRC 

Parachute Performance at Supersonic Speeds - Charczenko, N.- 
LRC 

Aerodynamic Drag and Stability Characteristics of Solid 
and Inflatable Decelerator Devices at Supersonic Speeds - 
Me Shera, J. T. - LRC 

The Problems of the Energy Dissipation Systems in Space- . 
craft Recovery - Fisher, L. J. - LRC 





